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ABSTRACT 


The increasing demand for forest products is resulting in more 
intensive use of forest land. Fertilization its being advocated as a 
means of increasing forest productivity and of maintaining soil fertility. 
Before such management can be applied, basic information is needed on 
the distribution of nutrient elements in the various forest strata. 

The purpose of this study was to characterize the distribution 
of nutrient elements at a point in time in the above ground portion of 
a lodgepole pine (Pinus contorta var. latifolia) community. Three 
different age classes were selected to search for differences in 
distribution of nutrient elements, within the tree and within the 
stand. 

Leaf litter, deadfall, moss and individual herbs, shrubs and 
tree components were analyzed for N, K, Ca, Mg, P, Na, Mo, Cu, Zn, Mn, 
Fe, B and Al. Dry weights of all the forest strata were calculated 
for estimation of total standing biomass. 

When the components of the trees were arranged in order of 
decreasing concentration of most nutrient elements, the general order 
became needles > branches > bark > cones > bole wood. The total nutrient 
element content of all the forest strata remained relatively constant for 
all three sites. Exceptions were observed for both Ca and Mn content 


in which both increased with an increased age in the stand. 
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I. INTRODUCTION 

Forest management is becoming more intensive and soil fertil- 
ization is being advocated as a means of increasing forest productivity 
and of maintaining soil fertility. Investigations of problems of forest 
production and tree nutrition need to consider all the components of 
woodland communities. Because of their woody structure and longevity, 
trees normally attain a great size and the forest combination of trees, 
shrubs, herbs and mosses form a multilayered community extending from 
the lowest soil depth to 30 meters above the ground level. Each plant 
layer supports a variety of animal life, has its own characteristic 
microclimate and is heterogeneous both vertically and horizontally. 

Because forest ecosystems are so variable and multi-structural 
in nature they are difficult to sample. Thus, woodland researchers have 
usually confined their research to particular aspects they felt were of 
greatest importance or could be recorded most readily. Few data have 
been published showing the detailed distribution of organic matter and 
nutrients within forest stands. The purpose of this study is to do so 
for the above-ground portion of three lodgepole pine (Pinus contorta var. 
latifolia) stands. Three different age classes and sites were selected 
to show differences in distribution of nutrients, within the tree and 


among stands. 
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Il. LITERATURE REVIEW 


Forest plants are composed of a large number of chemical 
elements which are usually divided into four groups (Fortescue, 1970): 
1. The gaseous elements (H, 0, Ne GL) 
2 --Macronutrirents=(G, K, Cay-Mgs=Ps S) 
3.) Micronutrients’ (Mo, Cu, Zn, Mn, Fe, B) 
4. Nonessential elements (Na, Al, Ba, Sr, Rb, Pb and others) 
The relative proportions of these elements required for the healthy growth 
of plants have been calculated by Epstein (1965) and for conifers in 
particular by Keay (1964). The data (Table 1 ) illustrate the great 
range in amounts and relative proportions of the different nutrients 
required by plants. 
Functions of Essential Elements 
Because of the limitations of soil analysis, tissue analysis 
has become an important tool in nutritional studies of agricultural and 
horticultural crops. Early investigations by Mitchell (1939) and 
Mitchell and Chandler (1939) confirm the potential value of foliar analy- 
sis in the study of the nutrient requirements of forest trees. However, 
for a successful application of this approach, an understanding of the 
relationship between tree growth and the nutrient composition of the 


tissue and the factors affecting this relationship is essential. 


All elements essential for plant nutrition are thought to play 
a number of biochemical roles within a plant. Much of this information 
is summarized in texts by Bonner and Varner (1965), Bowen (1966), Steward 
(1963) and a paper by Epstein (1965). Only a few of the major roles of 


the essential elements will be discussed here. 


Nitrogen ~- Perhaps the most important role of nitrogen in plant tissue 
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TABLE 1 


THE CONCENTRATION (ppm) OF ESSENTIAL PLANT NUTRIENT ELEMENTS * 


Plant Matter Relative Number of 
(oven-dry basis) Atoms with Respect to 
Molybdenum (Plant) 


Nutrient Elements All Plants Conifers 

Molybdenum 0.1 uF it 
Copper 6 4 100 
Zine 20 30 300 
Manganese 50 200 1,000 
Iron 100 200 2,000 
Boron 20 20 2,000 
Chlorine 100 1,000 3,000 
Sulphur 1,000 1,000 30, 000 
Phosphorus 2,000 1,300 60,000 
Magnesium 2,000 1,000 80,000 
Calcium 5,000 2,500 2s 000 
Potassium 10,000 8,000 250,000 
Nitrogen 15,000 15,000 1,000,000 
Oxygen 450,000 30,000, 000 
Carbon 450,000 35,000, 000 
Hydrogen 60,000 60,000,000 


* Taken from Fortescue, 1970 
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issits presence in the, protein structure. «It is .alsosfound in nucleic 
acids, chlorophylls, and the cytochrome enzymes which are essential in 
photosynthesis and respiration. 

Phosphorus - Phosphorus is found in plants as a constituent of nucleic 
acids, phospholipids, the coenzymes NAD and NADP, and most importantly, 
as a constituent of ATP. These are important in plant processes such as 
photosynthesis, glycolysis, respiration, and fatty acid synthesis. 
Calcium - Calcium functions as a constituent of cell walls in the form 

of calcium pectate. The middle lamella of plant cell walls is composed 
primarily of calcium and magnesium pectates. Calcium has also been cited 
as an activator for enzyme systems (Devlin, 1966). 

Magnesium - Magnesium is an essential constituent of the chlorophyll 
molecule without which photosynthesis would not occur. It is also 
important as an activator of enzymes involved in carbohydrate metabolism 
and synthesis of RNA and DNA from nucleotide polyphosphates. 

Potassium - Potassium appears to have an important role as an activator 
for enzyme systems in both protein and carbohydrate metabolism. As 
reported by Nason et al. (1963), the highest concentrations of potassium 
are found in the meristematic regions of the plant. This supports the 
findings of Webster (1956) that potassium is an important activator in 
the synthesis of certain peptide bonds. 

Micronutrients - All the micronutrients (with the possible exception of 
boron) play an important role as enzyme activators in many specific enzyme 
systems. Gauch and Dugger (1953, 1954) have shown that boron is involved 
in carbohydrate transport within the plant. Scott (1960) considers boron 
to perform a protective function in plants preventing the excessive poly- 


merization of sugars at sites of sugar synthesis. Although many roles 


for boron in plant metabolism have been submitted, its function in trans- 
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port of carbohydrates is the one most generally accepted. 


FACTORS AFFECTING NUTRIENT CONCENTRATION IN TREE TISSUES 


When sampling forest plants for nutrient element content one 
must recognize that the nutrient concentrations are not constant but vary 
according to several factors. One must therefore try to minimize the 
effect of any one factor in order to achieve consistent and comparable 
results. 

Seasonal Variation 

The nutrient content of forest plants will vary from one season 
to another during the year. Seasonal trends in nutrient concentration may 
vary according to climate and in different years depending on weather con- 
ditions. Mitchell (1936), Leyton (1948), and Tamm (1955) demonstrated 
that changes in nutrient concentration within needles do not necessarily 
mean translocation of minerals, since the needles are increasing in dry 
weight. Tamm (1955) postulated that large amounts of photosynthates 
are formed during the spring and stored in the needles until they are 
translocated downwards during the summer. The period of dry weight 
decrease coincides more or less with the most active growth of the young 
shoots and their needles and also with the formation of the new growth 
ring in the xylem. Conifer needles, therefore, appear to act not 
only as photosynthesizing organs but also as reserve stores for photo- 
synthates and perhaps to some extent for nutrients. Because of the 
seasonal variation in dry weight, the question arises whether foliar 


nutrient composition, to be most useful in tree growth evaluation, 
should be expressed as a percentage of fresh weight, dry weight, or as 
an absolute amount. Gorden and Gatherum (1967) found that fresh and 
dry weights are themselves highly correlated, therefore there appears 


to be little merit in adopting fresh weight in lieu of dry weight. 
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Tamm (1955) summarized the problem well when he stated, ‘Most authors 
report their analyses as percent of oven-dry weight, and at present 
there is no reason to abandon this practice". 

Similar curves (White, 1954; Tamm, 1955 and Lowry and 
Avard, 1968) show seasonal variation in percent concentration (dry 
weight basis) of Ca, K, P, and N for several species of pine under 
similar climatic conditions. Most nutrient elements tended to have 
seasonal maxima of concentration and content during the late summer 
or early fall when terminal growth had ceased. These maxima were 
followed by a generally stable or slightly decreasing period until 
spring when a seasonal low occurred during bud swelling. 

Because the pattern of variation is different for each species 
and each element, one cannot select a time which is suitable for all 
species on the site. Most authors (Leyton, 1948; White, 1954; Tamm, 1955; 
and Lowry, 1968) agree that the best time is during autumn or winter 
when the trees become dormant. 

Variation Due to Crown Aspect and Crown Position 

Crown aspect and crown position may give rise to variation 
in nutrient content. Young et al. (1967) found few significant differ- 
ences (for 12 elements) among the cardinal directions when working 
with white pine in Maine. They found significant differences among 
all directions for N; and Cu, P and Fe were significantly different in 
one direction from the other three. These results were similar in 
direction of concentration to those found by Guha and Mitchell (1966). 
White (1954) found no important variation in K content of red and white 


pine needle tissue associated with crown aspect. Tamm (1955) also 
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found that aspect was not important in Norway spruce and Scots pine. 

With regard to crown position, White (1954) found that mid- 
crown positions exhibited the lowest seasonal variation. Wells and 
Metz (1963) found the upper crown of loblolly pine to be the most 
reliable for sampling since the effects of crown positions became greater 
as crown competition increased. In his studies of black spruce, Gagnon 
(1964) found that the upper foliage was significantly higher in N 
than the lower foliage. Lowry et al. (1965) found the concentrations 
of N, Ca, and Mg in black spruce to be greatest in the younger needles 
of the upper crown as compared with needles of the same ages in the 
lower corwn. With K only the current needles of the lower crown showed 
a greater percentage than needles of the same age in the upper crown. 
Phosphorus showed no difference associated with crown position. Young 
et al. (1967), working with red spruce, agreed with these findings except 
they found that N was concentrated most greatly in the lower crown. 
They also analyzed white pine for 12 elements involved in this 
study and found that 10 had their greatest concentration in the 
bottom section. Potassium was present in lowest concentration in the 
bottom section and there was no significant difference among crown 
sections for Fe. 
Variation Due to Site 

The amounts of nutrients in the tree may be correlated with 
the amounts of nutrients in the soil. Wells (1965) found that soil 
test values and the needle nutrient content of 5 year old loblolly pine 
were highly correlated for N, P, K, Ca and Mg. Soil tests in which 
the most easily available form of the nutrients was extracted, especially 


for N, P and K, gave the best correlations. Metz et al. (1966), 
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however, demonstrated that there is very little correlation between 
the available nutrient elements in the soil and the amount in the 
leaves. Ovington (1959) also found that the nutrient content of 
pine trees growing on acid sand dunes with a low calcium content was 
almost identical to that for trees of comparable age growing on the 


more calcareous, sandy soils of Thetford Chase. 


NUTRIENT CONTENT OF INDIVIDUAL PLANT STRATA 
Trees 

Total tree analysis allows us to develop an inventory of 
nutrients within a forest stand at a given time and, indirectly, a rough 
estimate of nutrient uptake (Madgwick, 1963). The nutrient content of 
the standing stock does not represent the total nutrient uptake as 
some parts of the trees, such as the needles and branches, are shed 
regularly as the trees grow (Ovington, 1959). Total tree analysis 
cannot account for the within season variation in litter fall, 
where litter is loosely defined to include all plant material falling 
to the ground (Ovington, 1962). 

Total uptake should also take into consideration the elements 
lost via leaching by rainfall. Investigations carried out in New 
Zealand by Will (1955) in a 30 year pine forest (P. radiata D. Don) 
demonstrated the amount of nutrients lost via leaching. The data in 
Table 2 indicate that more K was leached from the forest crowns than 
was contained in the litter. Remezov (1959) postulated that the nutrients 
leached from the crowns are absorbed again from the soil by the root 
systems when dry weather returns. He thought that this is all part of 


a subannual cycle and serves as an index for the amount of nutrients 
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TABLE 2 NUTRIENT CONTENT OF RAINFALL IN NEW ZEALAND * 
Component Annual Litterfall Nutrient Return to Soil 
Rainfall (cm) (g/m2) (meg /m“) 
Ca Mg K Na P 
Rainwater 30 yards 68.7 —_ Le SMACLOQUCe2a2he.2334 <—— 
from trees 
Rainwater beneath 42.0 — Seah) ANP ZT Sy SV Al les) 81.4 4.9 
trees 
Litter beneath -— 252 6Ols6es2152 BL6RS 1004 °24.6 


passing through the tree but not for the nutrients required for the 
growth of that tree. 

In sampling the total tree, analysis and separation of 
roots present considerable problems. Madgwick (1963) said "accurate 
estimates of nutrient concentrations as well as weights of roots, 
especially the smaller ones, are usually impossible since roots cannot 
be adequately separated from particles of mineral soil". Ovington (1959) 
also experienced some difficulty in separating roots from soil and 
concluded that roots rich in sodium were influenced to some extent by 
soil particles incorporated in the root tissue. 

The uptake of macronutrient elements by forests of different 
kinds has been calculated by Rennie (1955). He summarized the work of 
German and French authors carried out towards the end of the nineteenth 
century. Until then, this was virtually the only published work on 
the nutrient content of whole trees and their component parts. 

Young et al. (1965) published tables to act as guides in 
the estimation of the amount of twelve elements (N, Ca, K, Mg, P, Mn, 

Fe, Al, Mo, Zn, Cu, and B) found in three deciduous and four coniferous 
tree species growing in the University of Maine forest near Stillwater, Maine. 
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The results, however, are more useful with regard to macronutrients 
than micronutrients owing to the large tree-to-tree variation in the 
concentration of these elements compared with the macronutrients. In 
a later paper, Young and Guinn (1966) presented detailed information 
on the distribution and amounts of the twelve elements in trees of 
the same seven species. Both studies serve as excellent groundwork 
for further studies in tree nutrition. 

Ovington (1962) provides an excellent summary of the work of 
researchers in six European countries dating back to the first of the 
century. He reports the plant biomass and total weight of the nutrients, 
N, P, K, Ca, Mg, and Na in kg/ha. 

Wright and Will (1958) studied the nutrient content of Scots 
and Corsican pine (Pinus sylvestris L. and P. ntgra var. colabrica Schneid., 
respectively) growing on dune sand on the southern coast of Moray Firth. 
The paper was concerned largely with possible nutrient losses by 
utilization so roots were not sampled. Weight concentration of Ca, Mg, 
Na, P, K, and N was given for needles, wood, bark and branches for 
three age classes. If the trees form an age series it is possible to 
make gross estimates of nutrient uptake by trees at different ages. 
Dominant trees had lower levels of P, K, and Mg in the needles, branches 
and bark than suppressed trees. 

Ground Flora 

Forest communities are often classified by their ground floras, 
the classification being based on the frequencies of the plant species 
which are present (Cajander, 1926). The vegetation associated with 
trees reflects not only primary site factors such as geology, aspect 
and macroclimate but also secondary local factors determined by the 


established tree species (Ovington, 1956). The extent to which the 
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tree species modifies site conditions changes as the stand matures and 
corresponding changes occur in the ground flora (Cormack, 1953). 

The ground flora can be important in tree nutrition by tying 
up considerable quantities of plant nutrients. Some early workers 
felt that the trees and ground flora might be complementary (Woodhead, 
1906) while others considered that they are in active competition for 
soil nutrients (Watt and Fraser, 1933). 

Ovington (1956, 1959, 1962) combined all ground flora (shrubs, 
herbs and mosses) in his discussion of the distribution of organic 
matter and plant nutrients in plantations of Scots pine. He demonstrated 
the variation in dry weight and total weight of the nutrients Na, K, 

Ca, Mg, P and N as a pine stand matures (Ovington, 1959). He also 
provided information on the total weight of Na, K, Ca, Mg, Fe, Mn, 

Si09 and P in ground floras under different woodlands at three locations 
in England (Ovington, 1956). 

Very few estimates of production and nutrient content of 
individual species in the ground flora exist. An exception is research 
being carried out on accumulator plants of which there are generally two 
types. Some accumulate elements from soils containing normal amounts 
of an element (Ballard and Butler, 1966). An example of this type would 
be Nemopanthts mucronata which accumulates as much as ten fold greater 
concentrations of zinc. The second type refers to those which become 
adapted to living in soils with particularly high amounts of certain 
elements such as those soils near mineral deposits. An example of this 
type is Astragalus btsculcatus which may accumulate as much as 2,640 ppm 
of selenium (Rosenfield and Beath, 1964). Accumulator plants are 


important in forest nutrition for two reasons as outlined by Fortescue 
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"1. Where a micronutrient is scarce they can remove it 
from the soil in amounts large enough to upset the nutritional balance 
Of*a forest or 

2. accumulator plants may be planted as a 'negative' treat- 
ment in a forest in an attempt to lower toxic levels in other plants." 

Work has been carried out with botanical prospecting 
for metals (Cannon, 1960). The author cites many references of plants 
which serve as indicators for high concentrations of various metals such 
as large ore deposits. These references may also be useful in establish- 
ing reasons for poor tree growth, such as nutrient toxicity, by searching 
for plant indicator species. 
Moss Stratum 

One of the characteristics of boreal pine stands as they mature 
and the canopy thins out is the increase in a dense carpet of feather 
mosses. Tamm (1953),in studying the growth and nutrition of the feather 
moss Hylocomtum splendens in Sweden, showed the moss layer to be 
nutritionally independent of the underlying mineral soil or humus. 
The moss segments lack internal mechanisms for moisture translocation 
and have a very limited ability to compensate by capillary rise from 
below for internal moisture losses from drying. He showed that living 
moss easily absorbs cations from solutions of the same dilutions 
as the throughfall under the tree crowns. Since the moss layer is 
considered to be nutritionally independent, it would seem that the moss 
layer does not compete with the trees for nutrients (Weetman et al., 
1967). Atmospheric ammonia and nitrate contained in rain and drippings 


from trees, dust and leachable salts in tree crowns supplied nearly 
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all of the nutrients. Because the amount of ammonium in the rain 

washings did not account for all the nitrogen contained in the moss, 

he suggested that ammonia might be directly ahsorbed from the air, also. 
In Table 3, the concentrations of the macronutrients in the 

moss layer are shown for an unthinned black spruce forest growing on a 

podzol profile. 


TABLE 3. PERCENT NUTRIENT CONCENTRATION (DRY WEIGHT BASIS) AND TOTAL 
WEIGHT OF NITRIENTS IN FEATHER MOSS UNDER BLACK SPRUCE * 


Green Moss Dead Moss Total Moss Layer 
i kg/ha fe kg/ha kg/ha 
N TG aot 1.00 DOG 7 48.58 
p w25 2.05 ~19 7.74 hs 70) 
K dhe) Gesu. -65 256395 32226 
Mg .10 0.90 .07 2.09 2099 
Ca Behe) de 7A 54 20.46 Zoey, 


* After Weetman (1967) 

Tamm (1953) found that the nutrient concentration increased 
when the light intensity decreased below 50%. Weetman (1967) found 
that all nutrient concentrations except calcium tended to increase as 
the light intensity under the canopy decreased from 38% to 17% of the 
light intensity in the clear cut. 

It is possible that mosses then may in fact be an important 
source of nutrients for trees (Weetman, 1967). Bernier and Roberge 
(1962) found that feather mosses mineralize nitrogen rapidly during 
incubation. They concluded that the feather moss layer represents 
an important reserve of easily mineralized nitrogen for the trees. The 
importance of nutrients other than nitrogen in the moss layer is not 


clear (Weetman, 1967). If there is a deep soil profile there is also 
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a supply of these nutrients from the soil. However, if the trees 
are growing on shallow soil over bedrock, the addition of nutrients 
by moss decomposition may be important. 

Leaf Litter 

Leaf litter represents an important potential source of 
plant nutrients. For information on the amount and composition 
of leaf litter, we are for a large part dependent on the work of 
Europeans more than 100 years ago. Ebermeyer (1876), as quoted by 
Handley (1954), shows a considerable variation in annual litter 
production by various species of pine. He reported amounts varying between 
1700 and 5150 kg/ha (oven-dry basis). 

Working with a Norway pine, Alway and Zon (1930) found variations 
in dry weight of litter produced from year to year of up to 25%. They 
also found the average annual litter production to equal from 1/14 to 1/6 
the organic matter content of the underlying forest floor. Kendrick 
(1959), working in England, found the fraction to be 1/10. Dimock 
(1958) found that extremely low winter temperatures may lead to litter 
production at three times the normal rate in the following year. Rowe 
(quoted in Kendrick, 1959) reported that a needle rust on white spruce 
in Manitoba and Saskatchewan sometimes caused loss of all the needles 
formed the previous year. Cone production also varies from year to 
year which might affect needle and consequent litter production. 

Work carried out by Alway in Minnesota gives some idea of the 
composition of different species of pine litter and the amounts of 


litter per acre in different age stands (Table 4). 


7 - i 


pe caribaea 


7 ‘sem fm ot 

ior samuow at oedog dnetiogmt ne adaseutqes wtInl Yaad 
notdtsoqnos bas Jnuons oft no nokigmrinl 207 eviekviua Ineiq 
36 Sxow sz no dnabasqeb Yisq sgabl 6 193 ore as@ ,7eoohl Ysol Yo 
vd bosoup ap (888) seyomrsds .ogs etesy O01 andi stom anesqo ml ih 
so4atl faunne nt odltetysy afdatoblenos s eaworle _ (beet) esibast 7 
; 
5 
. 


i ra van | | a a 


sap ihe ghiyisy sJouoms bacroqss SH .eatq to apkosqe evotrsy vd nolsouboxq 
. (ahead yrb-nevo) Bis? O2fe bre OOVL 
@notsettey bauot (0fCL) aoS bia yewlA ,ontq vewrol s dilw ‘antaeoe 
yoiT 828 o3 qu 30 teay ot sey mort bsouborq astuti Yo dikisw sth ak 
G\f og AI\L mozt Lsups of fokiouborq 19491) Esunans sget4ve so bod oels 
jotvbass .xoold desxo? gatvizsbap sd} Jo ddistn0o 193 4em olnagto ant ns 
Joomtad OL\L ed of mokioa1i oft beno? (breign® ot gmtatrow , (@22L) | 

yod7kl ot beel yom astuser9qme2 rstutw wol elomsxses tad bavot (82@eL) 

swol .aesy yatwolfol es at o3s7 Lorrtom oft sols satis In moktoubotg 

sourqe stindw no taut dibesn a 26d) beizncex (ete! ,dottbned ak bejoup) 
eolhoor odd Ifa to eaol beeuso aamkiemoe cawstioistepe bas adotinsM at 4 


os 168 ny asiisy osls noltouborg sncd 1sSy ayokvetg sft bom? 
«sohyauborg 1I3kL Schaiieias has slbssn Jookie trigim dotdw im:8% 
ony Yo aobt ouoa usvig Biorsanit ot yewih yd Juo bettas Axo 
to aYavona oi15 bas. 19354! oat Yo aotange dnsistEb Io aotsteogaos 
| ~ @ “ce = oat agh Insietttb nt e196 19q 192ItL 


15 


TABLE 4 
LEAF LITTER COMPOSITION OF PINE SPECIES IN MINNESOTA * 
Pure Jack Pine Pure Jack Pine Pure Norway Pine 
30 years 55 years 100 years 
N ee owl - 40 
CaO -68 eo ~41 
P40. ~L9 aus a, 
K,0 sks oo a5 
Litter 2319 2315 2101 
N 16.5 16.5 8.4 
CaO TBS 210 8.6 
P,0. S60) jel Hess) 
K,0 3.0 Sige She 


* After Alway, 1930. 


More recent work has been carried out by Moir and Grier (1969) 
on 60 year lodgepole pine stands in Colorado. They found total quantities 
of forest floor humus ranging from 2.54 to 4.21 lerine irrespective of 
stand density. Nutrient elements ranged from 31 to 54 ake Of SN gto 
5 ae Of. eto ely, ale of Keand lO sto 25 Sih of Ca. The proportion 
of N increased with progressive decomposition of organic material and 
the most mobile nutrients, K and P, were generally most concentrated in 


the lowest part of the humus horizons. 
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III. MATERIALS AND METHODS 


A. Description of Sites 


ine oollsuand Sourlicral Geology: 


All three sites under study are located on the Mayberne 
Tablelands (Roed, 1968). The term Tableland in Alberta refers to 
highlands which have relatively steep-sided slopes and flat tops, all 
parts of which have been affected by glaciation (Bayrock in Lindsay 
et al., 1960). Mayberne till forms the principal surficial deposit 
on the Tablelands and may vary from one foot to twenty feet in thickness. 
It is a medium-textured, low-lime till of continental origin and is 
generally quite stony (T. M. Macyk, personal communication). The till 
is underlain by Tableland gravel, and shale and sandstone of the 
Paskapoo Formation. 

Tom Hill (also referred to as Site I) is located 32 miles 
north of Edson in Section 2 - Township 58 - Range 16 west of the 5th 
Meridian. The site rests on al to 2% southeast-facing slope at an 
elevation of about 3,800 feet. The soil profile was developed on 
4 to 5 feet of Mayberne Till overlain with 4 to 6 inches of alluvial 
sand and underlain by Tableland gravel. The soil is classified as the 
Nosehill Series, a Bisequa Gray Luvisol (T. M. Macyk, personal communi- 
cation, Appendix A3, A4, AQ). 

Silver Summit (also referred to as Site II) is located 26 
miles north of Edson in Section 20 - Township 56 - Range 18, west of the 
5th Meridian. The site rests on a 1 to 2% southeast-facing slope at an 
elevation of about 3,900 feet. The soil profile was developed on 
2 to 3 feet of stony Mayberne Till underlain by weathered shale. The 


soil is classified as the Nosehill Series, a Bisequa Gray Luvisol 
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(T. M. Macyk, personal communication, Appendix A5, A6, A9). 

Emmerson Road (also referred to as Site III) is located 20 
miles northwest of Edson in Section 29 - Township 55 - Range 18, west 
of the 5th Meridian. The site is nearly level and rests at an elevation 
of 3,500 feet. The soil profile was developed on 1 to 2 feet of stony 
Mayberne Till underalin by weathered shale. The soil is classified as 
the Tom Hill Series, Orthic Gray Luvisol (T. M. Macyk, personal commun- 


ication, Appendix A7 — A9). 


2. Climate: 

Available climatic data for extrapolation to the three 
sites were difficult to evaluate in that local climates may be of much 
greater importance than regional climates. Regional climatic data were 
obtained from the Edson meteorological station at 3,033 feet elevation. 
The data presented are based on 30 years of observations (Figures 1 and 
2 ). More local climatic data were obtained from the Mayberne Fire 
Tower (Section 30 - Township 56 - Range 18, west of the 5th Meridian; 
elevation 4,890 feet) which was about 2 miles west of Silver Summit and 
6 miles north of Emmerson Road. Data were also obtained from the Tom 
Hill Fire Tower (Section 21 - Township 57 - Range 16, west of the 5th 
Meridian; elevation 4,250 feet) which is about 5 miles south of the Tom 
Hill site. The data from both towers, however, were collected only from 
May through August. 

Generally the regional climate is characterized by short, 
moderately warm summers and long, relatively cold winters. The growing 
season in the Edson area is short with 63 frost-free days from 30 years 


of observations with a range of 126 to 3 frost-free days. While 
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precipitation is low it is on the whole effective owing to the fact 
that about 50% of the years precipitation falls during the short 


growing season. 


3. Vegetation: 


In the following discussions plant species will be referred 
to only by their generic and species names (scientific names). Complete 
listings of common and scientific names are given in the Appendix (A10, All). 
Ocular cover estimates are given in Table 5. 

The three pine stands were all naturally regenerated after 
fire. Tom Hill, an even-aged 30 year old stand, was the youngest of 
the three sites. It had about 4,720 stems per acre (11,660 stems per 
hectare), a basal area of 162 square feet per acre and an estimated tree 
canopy cover of 90%. The stand had a site index of 75 at 70 years and 
an apparent mean annual increment in total volume of 78 cubic feet per 
acre. About 10 to 15% of the trees were infected with a pine stem rust 
(Cronarttum comandrae Pk.), which effects a natural thinning. The 
shrub layer, as would be expected in such a dense stand, was almost 
absent (Cormack, 1953). The herb layer was also sparse with the most 
abundant species being Cornus canadensts. Mosses were present only in 
thin patches and had not yet formed a dense carpet as found in older 
pine stands. 

Silver Summit, an even-aged, 75 year old stand, represents 
the approximate lower limit of the rotation age for lodgepole pine in 
Alberta. It had about 1,420 stems per acre (3,507 stems per hectare), 
a basal area of 162 square feet per acre and an estimated tree canopy 
cover of 75%. The stand had a site index of 44 at 70 years and an 


apparent mean annual increment in total volume of 41 cubic feet per acre. 
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TABLE 5. PLANT SPECIES AND OCULAR COVER ESTIMATES 


PLANT SPECIES ESTIMATED COVER* 

Trees SLE gL Site II Site III 
Pinus contorta 5 5 4 
Ptcea martana al 1 a 


Flowering Shrubs 


Betula pumila il 

Ledum groenlandicum 1 il 3 
Rosa actcularts 1: i i 
Saltx spp. 1 1 
Shepherdta canadensts il 
Sorbus scopultna il i 

Vacetntum membranaceum 1 

Vacctntum myrttllotdes 1 2 
Vaectntum vttis-tdaea 2 
Viburnum edule il 


Flowering Herbs 


Arctostaphylos uva-urst il 

Arntea cordifolta il 
Calamagrostts canadensts 1 1 

Cornus canadensts 2 ”) 2 
Elymus tnnovatus 1 
Eptlobium angustt folium ak ab 

Gaultheria hispidula 1 

Geocauton lividum i. 
Lathyrus ochroleucus ct 


* After Daubenmire (1968) 


TABLE 5. (Continued) 


PLANT SPECIES 


Flowering Herbs SLtewd 
Linnaea borealts 1 
Matanthemum canadense 1 
Petasttes palmatus ih 


Pyrola seeunda 
Rubus pedatus uh 


Streptopus amplexifoltus 


Viola adunea 1 
Viola rentfolta ik 
Ferns 


Gymocarptum dryopterts 


Club Mosses 


Lycopodtum annotinum 


Mosses 
Hypnum crista-castrensts 2 
Hylocomium splendens 2 
Polytrichum commune 1 
LEGEND Cover Class 


enya SS TS 


Lie 


ESTIMATED COVER * 


Site II 


100 
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Range of Coverage (4%) 


Site IIL 
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The shrub layer reflected the more open canopy and was considerably 

more dense than that on Tom Hill. The dominant species were Vaccinium 
membranaceum and Ledum groenlandicum. The herb layer was more luxuriant 
than on Tom Hill with the dominant species being Cornus canadensis and 
Rubus pedatus. Mosses were also more abundant and formed a thick 
Carpet over the forestefloor. 

Emmerson Road, an even-aged, 130 year old stand was the oldest 
of the sites sampled. It had about 670 stems per acre (1,655 stems per 
hectare), a basal area of 164 square feet per acre and an estimated tree 
canopy cover of about 60%. The stand had a site index of 39 at 70 years 
and an apparent mean annual increment in total volume of 35 cubic feet per 
acre. This site had the greatest shrub cover with the dominant species 
being Ledum groenlandicum (35%), Vaccintum myrtillotdes (20%) and 
V. membranaceum (10%). Herb species composition was similar to the 
previous two sites with the most abundant herb again being Cornus 
canadensis. Moss cover was heaviest on this site and formed a thick 


carpet over the ground and on fallen trees. 


B. Methods 
ae Olle 

(a) Sampling - Three soil profiles representing upslope, midslope 
and downslope positions on each of the three 1/10 acre sites 
were sampled for chemical and physical analysis. The pits 
exposed an area larger than the dimensions of a pedon. The 
soils were described morphologically and sampled according to 
the horizon sequence within the pedon. 

The samples were air-dried and ground in a mortar 


and pestle to pass a 2 mm sieve and then stored in glass 
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Screw-top containers. 
(b) Chemical Analyses - 
i. Soil Reaction - pH was determined on a saturated soil 
paste as outlined by Doughty (1941) using a Beckman Model 
Zeromatic pH meter equipped with glass and calomel 


electrodes. 


ii. Exchange Acidity - Exchange acidity was determined by 
leaching the soil with 0.5N barium acetate adjusted to 
pH 7.0 and titrating the leachate with standardized NaOH 
as outlined by Brown (1943). 


fii. Exchangeable Cations and Exchange Capacity - The exchange- 


al ay 
able cations (Ca , ious ae Nav) were extracted from the 


sample with N ammonium acetate adjusted to pH 7.0 as 
outlined in Association of Official Agricultural Chemists 
(1955). Concentrations of the cations were then determined 
with a Perkin Elmer Model 303 Atomic Absorption Spectro- 
photometer. The cation exchange capacity was determined 
by extraction of adsorbed NEE with N NaCl and distillation 
of the extract according to the method outlined in A.0.A.C. 
iv. Total carbon - Total carbon was determined by the dry 


combustion method as outlined by Allison et al. (1965). 


v. Total Nitrogen - Total nitrogen was determined by the 


Kjeldahl-Wilforth-Gunning method (A.0.A.C., 1955). 
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vi. Extractable Phosphorus - Available phosphorus was 


determined by the method of Jackson (1958). 


(c) Physical Analyses: 


i. Particle Size Analysis - The hydrometer method as 
outlined by Day (1965) was used. 

ii. Bulk Density - The core method described by Bradfield and 

modified by Lutz (1947) was used to determine bulk density. 
When coarse fragments prevented use of a coring cylinder, 
the "rubber balloon method" using a Soiltest Volumeasure 
was employed (Blake, 1965). The bulk density measurements 
reported are representative of the fine earth fraction 
of the samples. To correct for coarse fragment content, 
particles greater than 2 mm were separated by sieving. 
The volume of the coarse fragments was then subtracted 
from the volume of the soil core and the weight of the 
coarse fragments subtracted from the weight of the soil 
core. Bulk densities were then calculated using the 


corrected values. 


iii. Natural Moisture - was determined by oven-drying field- 


moist samples overnight at 105°C. 


iv. Hygroscopic Moisture - was determined by oven-drying 


air samples overnight at 105°C. 


ie Vegetation 


(a) Characterization - All species on the sites were identified 
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according to Moss (1959) and Cormack (1953) and cover 
estimates were made for each species using the system as 


outlined by Doubenmire (1968) Table 5. 


Sampling: 

Time of Sampling - Sampling was carried out at the end of 
the growing season when variation in elemental composition 
of tissue with time is at a minimum, according to Tamm 
(1955) and Rennie (1966). All samples were taken during 
the last week in August and the first week in September, 
1970. 

Sampling Ground Vegetation - Subplots were used to sample 
the shrubs, herbs, mosses, and leaf litter on each 0.1 acre 
site (Figures 3 and 4). Current growth on each species 

of shrub was separated from older growth in the field. 

All species were collected separately and fractioned into 
leaf and stem tissue. Samples were then immediately dried 
in a forced draft drying oven at 70°C for 48 hours. After 
drying, samples were weighed to obtain leaf weights and 
total dry weights for each species. All tissues were 

then ground to pass a 40-mesh sieve and then stored in 
snap-top glass bottles. 

Selection of Sample Trees - Small, medium, and large trees 
on a dry weight basis, were sampled as outlined by 
Madgewick (1963) Table 6. At the Tom Hill and Silver 
Summit sites, additional size classes between medium and 


small and medium and large trees were also sampled. These 
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trees were assumed to be of average chemical composition 

for the height-dbh class that they represented. The 

totals for each size class were calculated by multiplying 
the average data by the relevant number of trees in each 
size class. The per hectare weights were determined by 
summing the results for each size class. 

Fractionation of Sample Trees - Sample trees were felled 
onto large plastic sheets and then fractioned one at a 

time. The trees were fractioned such that subsamples 
representative of the different tree organs could be 
obtained (Rennie, 1966). From the felled trees, the current 
year twigs, needles and cone production were removed. All 
dead branch and live branch materials were removed and 
collected separately. The main stem was sampled by removing 
sections at one meter intervals beginning at 45 cm above 

the ground surface. All samples were then transported 
immediately to forced-draft drying ovens and dried at 70°C 
for three to five days. 

After drying, total weights were taken on all tree 
organs. Dry weight of wood was determined using specific 
gravity measurements of wood subsamples, and tree volume 
was obtained by stem analysis (Pluth and Cameron, 1971). 
Total weight of bark was determined by extrapolating the 
weight of representative samples of bark of known area to 
the total surface area of the tree as obtained by stem 
analysis (Ormon, et al., 1960). In subsampling for wood, 


care was taken to maintain the same proportionality between 
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A DESCRIPTION OF INDIVIDUAL TREES SAMPLED IN THE STUDY AREA 


Lom, Hii: 


Tom Hill 


kos Jalal JlIL 


Tom Hill 


Tom Hill 


Silver 


Silver 


Silver 


Silver 


Silver 


Summit 


Summit 


Summit 


Summit 


Summit 


Emmerson Road 


Emmerson Road 


Emmerson Road 


TREE NO. 


iene 


* Age from seed 


AGE* 


24 
28 
27 
27 
29 
71 
77 
78 
77 


78 


HEIGHT 


dm 


58 
80 
74 
80 


23 


eh 
96 
130 
154 


162 


176 
201 


196 


ft 


19 
26 
24 
26 


ay 


25 
ah 
43 
51 


ae) 


58 
66 


64 


D.B.H. 


en in 


DRY WT. 
(kg) 


133 


175. 


alee 


ook 


-38 


34 


pee 


9 


23/7 


76 


a02 


oL0 


eon 


~29 


83 


CROWN 
POSITION 


Suppressed 

Co-dominant 
Co-dominant 
Co-dominant 


Dominant 


Suppressed 
Intermediate 
Co-dominant 
Dominant 


Dominant 


Co-dominant 
Dominant 


Dominant 
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inner and outer-ring material as exists naturally in the tree. 
Bark and wood samples were combined for the bottom, middle and 
top one-third of the tree. 
(c) Chemical Analysis: 

0.5 gram samples of plant tissue were dry-ashed in covered, 
fused silica crucibles. The temperature of the muffle 
furnace was raised slowly for 1.5 hours to 300°C with 
burning occurring between 250 and 300°C. They were then 
raised to 485°C * 10°C and the temperature held constant 
for three to four hours (Baker, 1963). The samples were 
allowed to cool overnight. The ash was then dissolved 
in 5 ml. of a stock solution prepared by dissolving 26.5 
grams of Li,Cco, in 150 ml. of concentrated HCl. Sample 
solutions were then transferred to 2 oz. Nalgene screw-top 
plastic bottles and sealed with parafilm to ensure no loss by 
evaporation or leakage. The samples were then sent to the 
University of Minnesota for analysis of 12 elements by 
emission spectroscopy. 

The analyses were carried out on a Jarell-Ash 1.5 
Meter Atom Counter with a direct output to an IBM keypunch. 
The detection limits (in solutions analyzed) were as follows: 
P. 0.0027, K 0.012, Ca 0.022.) Me. 0.0012, 5Nas0.002208 410.3 ppm, 
Fe .l.0. ppm, -2n, 0.1 ppm, Cul0loppm,. Mo 0 Seppm*, 


Mn 0.1 ppm and Bo OQ.2 ppm. All standard curves were 
based on plant tissue standards that were established by 


bs nc ie cl ch A RT ae Pa IO SESE ca ED i iS A GN a Se aE 

* Molybdenum values on this instrument have always been in question. They 
are 2 to 7 fold higher than those reported by a large number of labora- 
tories on inter-lab. sample exchange studies. 
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Dr. Kenworthy at Michigan State and Benton J. Jones 
when he was at the Ohio Research and Development Center, 
Wooster, Ohio. The exception is with molybdenum which 
is based on Fisher Atomic Absorption Mo standard 


solution, (Bob Munter, personal communication). 
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RESULTS AND DISCUSSION 

Total Weight of Dry Matter 

Total weights of dry matter in the individual forest 
strata are given in Table 9 and the total weights of dry matter 
for the component parts of the individual sample trees are given in 
the Appendix (A15-A40). It was noted that the total weight of dry 
matter was greatest on Site III and least on Site I. Site I, Site ITI 
andvoite, LIT had 120 x 103, 150 x 103 and 180 x 103 kg/ha of dry 
matter, respectively. The largest source of difference among sites 
was due to differences in dry weight of the tree stratum. The greater 
dry weight of the trees was due in turn mainly to a greater dry weight 
of bole wood and to a lesser extent dry weight of bark. Dry weights 
of bole wood for Site I, Site II and Site III were 71 x 10 LOS ax 10° 
FW Ke al AYA 10° kg/ha, respectively. Total weights of bark for the 
same sites were 8.7 x ees VOR GC ax 10° andOl? x 10° kg/ha, respectively. 

The needles, which contained the largest portion of the 
nutrients, were similar in total weight for Site I and Site III, 
IRE ER oie 10° and 13.6 x ike kg/ha, respectively. Site II had a somewhat 
lower total needle weight of 10.3 x 10° kg/ha. On Site II and Site IIT 
the needles represented only 7 and 8%, respectively, of the total weight 
of the trees while on Site I the needles represented 13% of the total 
weight of the trees. 

The total weight of bole wood was greatest on the 
oldest stand and least on the youngest stand. On Site I the bole wood 
represented 65% of the total weight of the trees while on Site II and 


Site III the bole wood represented 74 and 72%, respectively, of the total 


weight of the trees, 
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Weights of live branches other than those of the current year 
were about the same for all sites. The total weight of branches for 
the current year was greatest for Site I and least for Site III. This 
reflected the faster growth rate of the youngest site versus the oldest 
site. Site I had a greater total weight of dead branches (8,200 kg/ha) 
than either Site IT (3,800 kg/ha) or Site III (3,900 kg/ha). Unlike 
Site II and Site III, very little natural pruning had occurred on Site 
I and dead branches remained attached to the bole right down to ground 
level. 

Cones represented only a very small fraction of the total 
weight of the tree (less than 1%), therefore only extremely large 
variations among sites would have been significant in nutrient 
distribution. Cones were present on about 90% of the trees at Site 
III, about 60% of the trees at Site II and on none of the trees at Site 
I. Although Site II was producing about twice as many cones as Site 
III during the summer of sampling, the total weight of cones for each 
site was about the same, 1,600 kg/ha. 

Strata other than the tree stratum were important even 
though they represented less than 12% of the total standing biomass of 
the site. They contained as much as 82% of some elements such as Fe 
Ones Leerl. The amount of leaf litter varied considerably among 
sites. Site I had the greatest amount of leaf litter (11 x 10° kg/ha). 
This was expected as the current rate of needle production on Site I 
(2.9 x ier kg/ha/yr) was double that for Site II and Site III 


CLS4e x 10° and- i .6'x 10° kg/ha/yr, respectively). 
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The total weight of deadfall varied from 1.4 to 2.4 kg/ha 
on the three sites. The deadfall represented the remains of trees 
that had succumbed to the competitive pressure of the other members of 
the stand and the remains of trees that had been killed by the fire 
presumably from which the stand had originated. 

The production of moss was a direct function of stand age 
and of decrease in percent canopy cover. Site I, the youngest stand, 
had the lowest dry weight of moss, about 1,200 kg/ha. Site II had 3,000 
kg/ha and Site III had the largest amount of 4,400 kg/ha or about 2% of 
the total stand biomass. The shrub stratum also followed the same 
pattern and increased in weight from the youngest to the oldest site. 

The total dry weight of herbs on each of the sites was small 
and not meaningful with regard to the total weight of the stand (Figure 
5). There was no trend between the weight of the herb stratum and the 
tree canopy age. 

Concentrations of Nutrient Elements in the Trees 

Concentrations of nutrient elements in the various organs 
of individual trees, the accumulated leaf litter, and individual 
species in the ground flora are cited in the Appendix A12-A46. 

Results for Na are generally not considered valid because of the low 
quantities of the element present and problems with contamination in 
the analysis. It was also previously noted that reported values for Mo 
may be 2 to 7 fold greater than the true values. 

As previously outlined in the literature reveiw, the nutrient 
concentration of the different organs of the individual trees vary 
considerably. Some major trends, however, were observed in the 
lodgepole pine stands sampled. When the components of the trees were 


arranged in order of decreasing concentration of nutrient elements the 
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FIGURE 5 


BIOMASS OF FOREST STRATA AS A PERCENT OF THE 
TOTAL ABOVEGROUND BIOMASS ON THE SAMPLE SITES 
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general order became needles > branches > bark > cones > bole wood. 
However, some exceptions occurred for specific elements. For example, 
cones had a relatively high concentration of K and P and a very low 
concentration of Ca while bole wood contained a relatively higher 
concentration of Ca. 

Considerable variations were observed between nutrient 
concentrations in current needles and needles greater than one year old. 
Generally, needles greater than one year old showed higher concentrations 
of N, Ca, Mg, Mo, Cu, Zn, Mn, Fe, B and Al than current needles. Con- 
centrations of K and P in most instances were higher in current needles 
than older needles. The interpretation of concentration in needles is 
difficult. Besides changing their absolute nutrient element content 
as they get older, they also increase in dry weight. Therefore the 
decreased concentration of K and P with age was offset to some extent 
by the increased dry weight of the needles with age (Table 7), and the 
absolute amounts of these two elements was relatively constant from 
the end of the first year. The opposite was true for other elements 
such as calcium. The increased absolute content of Ca was greater than 
anticipated from the increase in the percent value because of the dry 
weight increase. Nutrient elements such as Mn are known to accumulate 
in pine needles (Fortescue, 1970). The absolute amount of Mn in the 
needles greater than one year old was therefore higher than in the current 
needles. 

Concentrations of Ca and Fe were generally highest in branches 
greater than one year old while concentrations of the rest of the 
nutrient elements (N, K, Mg, P, Mo, Cu, Zn, Mn, B and Al) were highest 


in the most actively growing tissue of the current branches. 
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Table 7 
DRY WELGHT (g/100 needles) AND CONCENTRATION 
CAnOr P, K AND CA FOR THE NEEDLES OF THE 


INDIVIDUAL SAMPLE TREES 


Site ecee Current Needles Needles >1 year 
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Concentrations of nutrient elements in bole wood may vary 
both vertically and horizontally (Wright and Will, 1958). Horizontal 
variations were minimized by sampling equal proportions of the annual 
rings. Some differences and trends were noted from the lowermost 
section (Bole Wood I) to the uppermost section (Bole Wood III) of the 
tree. General trends demonstrated an increase in N, K and Mg upward in 
the bole and a slight decrease in Ca concentration. This was probably 
the result of more active transport of N and P within the green crown, 
the decreasing cross-sectional area of the bole and the decreasing 
amount of heartwood present. Therefore, the decreased concentration 
downward in the bole was for a large part a dilution effect. Ca is 
unlike other elements in that once deposited it is immobilized and 
unavailable for later new growth. Ca has its highest concentration in 
old heartwood (Orman and Will, 1960) where it is present as a cell wall 
constituent. Because the lower section of the bole wood had a larger 
proportion of heartwood, the concentration of Ca was also higher. 
Concentrations of Fe, Cu, Na and P if present were below the detection 
limit of emission spectroscopy. 

The bark also displayed vertical trends in nutrient element 
distribution. Concentrations of N, P, K, Mg, Mo, Cu, Zn and Fe 
generally increased up the bole. Percent Ca, however, decreased up the 
bole. Although it was sampled as a unit in this study, bark may be 
separated into an outer dead bark and an inner living bark or secondary 
phloem. According to Orman and Will (1960), the concentrations of N, 
P, K and Ca are higher in the living bark than the dead bark and Ca 
tends to accumulate in the older tissue. Because the proportion of 


dead bark to live bark decreases upward on the bole, the concentrations 
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of N, P and K in the total bark increased and the concentration of Ca 
decreased. However, there was a net decrease in the nutrient element 
content upwards in the trunk because the increase in nutrient element 
concentration did not pea onere for the increase in dry weight of bark 
downward in the trunk. 

Cones contained relatively low concentrations of most elements, 
however, concentrations were still higher than those found in bole wood. 
Unlike the other tissues, the cones contained less than .02% calcium. 
Concentrations of Na and Cu were also below the detection limit of 
emission spectroscopy. 

Nutrient Element Content Per Tree 

As trees become older and increase in dry weight, they contain 
greater amounts of plant nutrients. This trend was apparent for all 
the nutrient elements except N, P and B. The relative distribution of 
the various nutrients within the trees differed considerably as a 
result of the differences in dry weight and in the percentage composition 
of the component parts of the tree. The total amounts of nutrient 


TABLE 8 DRY WEIGHT AND CALCIUM CONTENT OF BOLE WOOD AND BARK 
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TABLE 9 


SITE 


TOM HILL 


SILVER 
SUMMIT 


EMMERSON 
ROAD 


TOTAL WEIGHT OF TISSUE AND NUTRIENT ELEMENTS IN THE 


——_____—__—_ (kg/ha) —_—_____—_5> 


FOREST DRY WEIGHT 

STRATUM (kg/ha) N K Ca Mg ye Na 
Deadfall 2,400 See) 26 es 5 Ae 0.0 0.0 
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FOREST STRATA OF THE THREE STUDY AREAS 
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elements are greater in the oldest trees, and the distribution of each 
nutrient element varies between the parts of a tree (Appendix A41-A46). 
The Ca content in the oldest trees is greater resulting from the 
accumulation of dead bark and heartwood formation (Table 8). 
Nutrient Content of the Tree Stratum 

There are fewer trees per hectare as a stand matures because 
of the suppression of weaker trees. Although the total nutrient content 
of individual trees on Site III was greater than for those on the other 
Sites, the total nutrient content of all the living trees was not greater 
because of the lower stand density. In fact, with the exception of Ca 
and possibly Mg, the total macronutrient content of the three stands was 
about the same (Table 9). 
Nutrient Content of the Forest Strata 

The deadfall, leaf litter, moss, herbs and shrubs represented 
less than 12% of the total dry weight of the forest strata on all three 
sites. The proportion of each stratum varied among sites and because 
the nutrient element concentration in each stratum also varied the 
absolute content of each nutrient varied. The total weight of leaf 
litter on Site I was about three-fold greater than on Site II and Site 
III. Because the concentrations of some nutrient elements in the old 
needles were quite high, the absolute content in the leaf litter 
represented a considerable proportion of the net content of the stand. 
This is illustrated in Table 10. On Site I the leaf litter represented 
only 10% of the total dry weight of the stand but contained 27% of the 
Nema0Z cer the Ca, 3524.01 tChe/P, 347c0f the Mo, 582 ,0f sthesCugand)/27 
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TABLE 10 DRY WEIGHT AND NUTRIENT CONTENT OF THE LEAF LITTER (PERCENT 
OF TOTAL FOREST STRATA INCLUDING DEADFALL AND LEAF LITTER) 


Dry Weight 
Site of Leaf Litter ansKk DeCami Mem of Mowe Cuilrizmt he 
al 10 Z/amgrot 2 30 15 35 984 See 22 pels 
Ta 8) 2 a 2) Delo: aelOe 925 GA 226 
Teli 2 12h @ SNA BO IP Saks) San t22 Hin 23 


4,400 kg/ha on Site III but on a proportional basis represented only 
1% to 24 of the total dry weight of the forest strata, respectively. 
The moss stratum, however, contained a large proportion of some 
nutrient elements as illustrated in Table 11. On Site III, the moss 
stratum contained! 437 tofmthe ie, a6,eofithe 1Cuje2 DA lof wethe .P, 197.108 
the Ca and 13% of the N. One might conclude that the moss represents 
an important reserve of some plant nutrients which may be released to 


the rest of the stand as the moss decays. 


TABLE 11 DRY WEIGHT AND NUTRIENT CONTENT OF THE MOSS STRATUM 
(PERCENT OF TOTAL FOREST STRATA) 


Site Dry Weight of 
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CONCLUS IONS 


The nutrient element concentrations of the different tree 
organs varied considerably. When the components of the trees were 
arranged in order of decreasing concentration of most nutrient elements 
the general order became needles > branches » bark > cones > bole wood. 
Exceptions occurred for nutrient elements such as Ca which was not 
present in the cones but had a relatively high concentration in the 
bole wood. Concentrations of nutrient elements except K and P were 
usually higher in the needles greater than one year old than in the 
current needles. The opposite, however, was true for branches. The 
concentrations of nutrient elements, except Ca and Fe, were in most 
cases higher in current branches than in branches greater than one year 
old. General trends demonstrated an increase in N, K and Mg and a 
slight decrease in Ca concentration upward in the bole wood. In the 
bark, concentrations of N, P, K, Mg, Mo, Cu, Zn and Fe generally 
increased and Ca decreased up the bole. 

The total nutrient element content of all the forest strata 
was relatively constant for all three sites. Generally Site II showed 
somewhat lower values than Site I or Site III. Exceptions were observed 
for both Ca and Mn content in which both were found in greater amounts 
in the oldest stand. The higher Ca content reflected the greater 
total dry weight of bole wood where Ca was immobilized as a cell wall 
constituent. Mn tended to accumulate in plant tissues and thus it occurred 
in greater quantities in the oldest stand. 

The greatest percentage of the total nutrient elements in the 


aboveground portion of the tree were contained in the needles and the 
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branches. Although the bark and bole wood removed during harvesting 
may represent up to 74Z of the dry weight of the trees, the greater 
percentage of most nutrients in the tree are returned to the soil in 
the slash. Large amounts of some nutrient elements, however, may be 
removed during harvesting. For example, 73% of the K, 72% of the Ca, 
64% of the Mg, 72% of the Zn and 67% of the Mn in the tree stratum were 
contained in the bole wood and bark. These estimates, however, were 
somewhat high as they included the portion of the bole less than four 


inches in diameter normally left as slash. 
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DEFINITIONS OF TERMS USED IN THE THESIS 


Current Needles - needles produced during the year of sampling. 


Needles'- needles produced prior to the year of sampling. 


Current Branches - new growth produced during the year of sampling 


and bearing current needles. 


Live Branches — Branches bearing needles less the growth referred to 


as current branches. 


Dead Branches —- branches on the tree that are not bearing needles. 


Current Cones - cones produced during the year of sampling. 


Cones — cones produced prior to the year of sampling. 


Bark - is composed of both the outer dead bark (cork) and the inner 


Bole Wood 


living bark (phloem and cambium). Bark I, Bark II, and 

Bark III are composite samples representing approximately 

the bottom one-third, middle one-third, and top one-third 

of the trunk, respectively. 

- is composed of the xylem and pith. Bole Wood I, Bole Wood 
II, and Bole Wood III are composite samples representing 
approximately the bottom one-third, middle one-third, and top 


one-third of the trunk, respectively. 


Leaf Litter - is composed largely of needles with some twigs, cones, 


bark fragments and a few animal droppings and would be in- 
cluded in the litter or L layer described by Kendrick (1959) 
as "recently fallen, relatively undecomposed needles, often 
light brown to buff in colour, with high tensile strength and 
relatively low moisture content, lying in a loose uncompacted 


layer on the surface". 
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Deadfall - all dead trees, consisting mostly of branch and bole wood, 
lying on or above the ground surface, relatively undecomposed 


and not incorporated into the F or H soil horizons. 


Pounds per Acre = 0.892 Kilograms per Hectare 
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STE aE MORPHOLOGICAL CHARACTERISTICS OF THE SOIL PEDON 
Horizon Depth Description 

LFH 3) = 10) Partially decomposed and well decomposed leaf matter. 

Ae 0-15 Light gray (10YR 6/1) when moist and light gray (10YR 7/2) when dry; 


SiL; weak fine platy; soft; plentiful fine and medium random woody 
roots; many medium and very fine continuous inped closed vesicular 


pores; clear wavy boundary; 6 to 15 cm. thick. 


Bn 15 - 28 Yellowish brown (10YR 5/6) when moist and yellow (10YR 8/6) when dry; 
SiL; structureless to weak fine platy; plentiful fine and medium random 
woody roots; many medium and very fine continuous inped closed vesicular 


pores; clear wavy boundary; 7 to 13 cm. thick. 


28 - 40 Yellowish brown (10YR 5/4) when moist and very pale brown (10YR 7/4) 
when dry; SiCL; weak medium platy; very friable; plentiful very fine 
vertical inped wood roots; common very fine discontinuous inped closed 


vesicular pores; clear wavy boundary; 8 to 12 cm. thick. 


AB 40 - 50 Yellowish brown (10YR 5/4) when moist and very pale brown (10YR 7/4) 
when dry; CL; weak moderate subangular blocky; very friable; plentiful 
very fine vertical inped woody roots; common very fine inped closed 


vesicular pores; clear wavy boundary; 10 to 12 cm. thick. 


Bt 50 - 65 Brown to dark brown (10YR 4/3) when moist and pale brown (10YR 6/3) 
when dry; CL; moderate medium angular blocky; friable; few very fine 
vertical inped woody roots; common very fine inped closed vesicular 
pores; few gravel and cobble size coarse fragments; gradual wavy boundary; 


15 to 22 cm. thick. 


BC 65 -93 Brown to dark brown (10YR 4/3) when moist and pale brown (10YR 6/3) 
when dry; CL; moderate coarse angular blocky; friable; few very fine 
vertical inped woody roots; common very fine inped closed vesicular 
pores; few gravel and cobble size coarse fragments; gradual wavy 


boundary; 28 to 48 cm. thick. 


Cc 93) Yellowish brown (10YR 5/5) when moist and very pale brown (10YR 7/4) 


when dry; CL; few gravel and cobble size coarse fragments. 


s so ees eee 
i ee 
4 f t ‘jatoo™ 


itd sas 1 82 eemabouold yew eek) cevtT 

ib wade (4\8 WTOL) woltey bow selom edu (O\E WDD nae datvetior 
frobaay imitbow ove path Lutdzon ty stely Wadd nsw oF wanterugowaye 4t# 
salusiay bets begat svounlsuos pal} yiny bee autbon Yaar sexoeT Yhoww 
data feo CL 69 © pnbewed seen tends gaeteg 


"AE RYDE) word slaq>erev ban tetom waite (ONE WYOL) ponad detvor let 
gatd ete Tuktowelg reldabi) cow :creiq auliea Mame pJIIN yeah tite 
baneds begat svoonkiasneth smh? yey commis (63009 bow baqat I82}7x8¥ 
-dohdd as Sh on 8 ierabaatod pvew reals peoveg Taluotewy 


(AV RYOL) cwnrsd slay qrev bad seine aga (O\8 MYO) nyand débwol tet 

th) canntq jeléets? yaev iqsrold relagaadus ateraboe Anew HAD iytb amt 
benats bagnt aut) cro¥ momap jaseer/yboow bagat inatrzee sal! crwv 

Hatt: oo St on OF jytaheuad yvaw aeelo ideveq relystaey 

(ENESTOL) eve74 Wing bar Sobom weile (E\O NYOL) rd dnae vor aves 

sndt prev wed indeed pes3ole relujias mabe stanton (19 itr awe 
iytaboued qvew Taubasg yasoamgayd vatecs sate aldioo ers wel (ening 
wold) eer S$ 09 21 


CLB NVOL) cons wing be anton mul (CN ATCT) ond aya oa ere. 
att game wet iebleted jvavald xotugim veras sanyaboe oAD pte enity 
eee Leuhers vesnseger) yareo> vale afddoo baw coeahe wel ja070q 
sao kid no A ok BE Dynes 

sented se VeOY atta ntidos bes Levata wel FD Hiab npely 


"i : 
oe ao | 
4 ab. 7 han ee 


SITE I 


Horizon 

Depth (cm) 
CHEMICAL ANALYSES 
pH (1:1 H0) 


Extract. P (ppm) 


Org. C (%) 

Total N (%) 

C:N 

Exchange H 

Analysis Ca 

(meq/100 g) Mg 
K 
Na 
TEC 


PHYSICAL ANALYSES 


Particle S 


Size Si 


a 


Analysis (2%) 


U.S.D.A. Text. Class 


Bulk Db 


Density (g/cc) ™ 


CHEMICAL AND PHYSICAL PROPERTIES OF THE SOIL PEDON 
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SITE II MORPHOLOGICAL CHARACTERISTICS OF THE SOIL PEDON 

Horizon Depth Description 

LFH 5 = 0 Partially decomposed and well decomposed leaf matter. 

Ae 0-11 Gray to light gray (10YR 6/1) when moist and light gray (10YR 7/2) 


when dry; SiL; weak fine platy; friable; abundant medium horizontal 
inped woody roots; many very fine inped closed vesicular pores; cobbly; 


clear wavy boundary; 11 to 15 cm. thick. 


Ba 11 - 31 Yellowish brown (10YR 5/6) when moist and very pale brown (1OYR 7/4) 
when dry; SiL to CL; weak fine subangular blocky; very friable; plentiful 
medium horizontal inped woody roote; many very fine inped closed vesicular 


pores; cobbly; gradual wavy boundary; 11 to 20 cm. thick. 


AB 31 - 42 Yellowish brown (10YR 5/4) when moist and pale yellow (2.5YR 8/4) 
when dry; SiL to CL; weak fine subangular blocky; friable; plentiful 
medium horizontal inped woody roots; common very fine inped closed 


vesicular pores; cobbly; gradual wavy boundary; 6 to 11 cm. thick. 


Bt 42 - 55 Yellowish brown (10YR 5/4) when moist and very pale brown (10YR 7/4) 
when dry; CL; weak fine subangular blocky; friable; few very fine 
oblique inped woody roots; common very fine inped closed vesicular 


pores; cobbly; clear wavy boundary; 8 to 22 cm. thick. 


BC 55 - 71 Yellowish brown (10YR 5/4) when moist and very pale brown (10YR 7/4) 
when dry; CL; weak medium angular blocky; friable; common very fine 
vertical inped closed tubular pores; abrupt smooth boundary; 16 to 37 


em. thick. 


IIC 71 + Dark grayish brown (10YR 4/2) when moist and light yellowish brown 


(10YR 6/4) when dry; SL. 
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SITE II 


Horizon 

Depth (cm) 
CHEMICAL ANALYSES 
pHE Cis H,0) 


Extract. P (ppm) 
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Total N (%) 

C:N 
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(meq/100 g) Mg 
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PHYSICAL ANALYSES 


Particle S 
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a 
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CHEMICAL AND PHYSICAL PROPERTIES OF THE SOIL PEDON 
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SITE III MORPHOLOGICAL CHARACTERISTICS OF THE SOIL PEDON 
Horizon Depth Description 

LFH “> 0) Partially decomposed and well decomposed leaf matter. 

Ae, 0-4 Dark brown to brown (10YR 4/3) when moist and very pale brown (10YR 7/3) 


when dry; SiL; weak fine platy; friable; plenty very fine to medium 
horizontal inped woody roots; many very fine inped closed vesicular 


pores; cobbly; clear wavy boundary; 4 to 5 cm. thick. 


Ae2 4- 16 Pale brown (10YR 6/3) when moist and light gray (1OYR 7/2) when dry; 
SiL; weak fine platy; friable; plentiful very fine to medium horizontal 
inped woody roots; many very fine inped closed vesicular pores; 


cobbly; clear wavy boundary; 9 to 12 cm. thick. 


AB 16 - 17 Not sampled or described. 


Bt 17 - 39 Yellowish brown (10YR 5/4) when moist and pale yellow (2.5YR 8/4) 
when dry; SiC to C; moderate fine subangular blocky; friable; few 
very fine to medium horizontal inped woody roots; common very fine 
oblique inped closed tubular pores; cobbly; clear wavy boundary; 


22 to 27 cm. thick. 


BC 39 - 49 Yellowish brown (10YR 5/4) when moist and pale yellow (2.5YR 7.4) 
when dry; SiCL; structure influenced by fragmental shale; few very 
fine to medium horizontal inped woody roots; common very fine oblique 


inped closed tubular pores; clear wavy boundary; 10 to 13 cm. thick. 


Cc 49 + Yellowish brown (10YR 5/4) when moist and pale yellow (2.5YR 7/4) 


when dry; SiCL. 
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COLOUR PLATES OF SOIL PROFILES 
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* 
COMMON AND SCIENTIFIC NAMES OF PLANTS REFERRED TO IN THE STUDY AREAS 
TREES 

Black Spruce Picea mariana (Mill.) BSP. 


Lodgepole Pine Pinus contorta Loud. var. Lattfolta Engelm. 


FLOWERING SHRUBS 


Blueberry 

Bog Cranberry 
Buffalo-berry 
Common Labrador Tea 
Low-bush Cranberry 
Mountain Ash 

Swamp Birch 

Tall Bilberry 

Wild Rose 


Willow 


FLOWERING HERBS 


Arnica 

Bastard Toad-flax 
Bluejoint. Marsh Reed Grass 
Bunchberry 


Common Bearberry 
Kinnikinnick 


Vaeetntum myrttllotdes Michx. 

Vaeetntum vitis-tdaea L. var. minus lodd. 
Shepherdia canadensis (L.) Nutt 

Ledum groenlandicum Oeder. 

Viburnum edule (Michx.) Raf. 

Sorbus scopultna Greene 

Betula pwmtla L. var. glandultfera Regel 
Vaeetntum membranaceum Dougl. 

Rosa actcularis Lindl. 


Saltx spp. 


Arntca cordifolta Hook. 

Geocaulon ltvtdum (Richards.) Fern. 
Calamagrostts canadensts (Michx.) Beauv. 
Cornus canadensis L. 


Aretostaphylos uva-urst (L.) Spreng. 


* According to Moss (1959) and Cormack (1953). 
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Continued 

Hairy Wild Rye Elymus tnnovatus Beal 

Kidney-leaved Violet Viola rentfolta A. Gray 

One-sided Wintergreen Pyrola secunda L. 

Palmate-leaved Coltsfoot Petasttes palamtus (Ait.) A. Gray 

Pea Vine Lathyrus ochroleucus Hook. 

Twin-flower Ltmnaea borealis L. var. americana 
(Forbes) Rehd. 

Twisted-stalk Streptopus amplextfolius (L.) DC. 

Wild Lily-of-the-Valley Matanthemum canadense Desf. var. 
tntertus Fern. 
Rubus pedatus J. E. Smith 

FERNS 
Oak Fern Gymnocarpium dryopteris (L.) Newn. 


CLUB MOSSES 


Stiff Club-moss Lycopodtum annotinum L. 
MOSSES 
Feather mosses Hypnum crtsta-castrensts (L.) Hedw., H. 


lindbergii Mitt., H. Schreberi Willd. 
Hylocomium splendens Hedw., P. 


Hair-cap mosses Polytrichum commune Hedw., P. 
juntpertnum Hedw. 
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TOM HILL TREE I CONCENTRATION OF NUTRIENT PER TISSUE 


TISSUE ae Se 
(g) N K Ca Mg P Na 
Needles (an C2250) +e 69 no) 20 703 oL6L 0.0 
Current Needles 6 (2.11)* 1.184 -46 LG -L02 LoS 0.0 
Branches Sy) OR 2a 726 a5 -079 .145 0.0 
Current Branches 1 0.683 ~45 nadia s1O7 Ihe | [Oe 
Dead Branches sms) OeZ05 oL3 cid b2 7-039) 0.0 0.0 
Bole Wood I 100 0.063 oe e009 Olas 0.0 020 
AL 216 05073 AZ -05 SU LOmn Or0 0.0 
iC 406 02105 14 -04 -018 0.0 0.0 
Bark I 50 02520 es a) 023 032 0.0 
il 66 0.380 iuy/ afaik 060 043 O20 
ESCA 52 0.448 20 7 065 060 0.0 
Cones —— -- -- -- -- -- -- 
Current Cones -- -- -- -- -- “= -- 
TOTAL WEIGHT PER 
TREE (g) ab A 12S) PUK eS) es) Jesse - 360 - 330 


* Weight per 100 needles (g) 


Al6 


AND TOTAL WEIGHT OF NUTRIENT PER TREE 


(ppm) 

Mo Cu Zn Mn Fe B Al 
29.6 lt 40.7 770 68 19.0 57304 
20.8 2e8 41.3 358.9 24 19.4 336.6 
18.5 4.4 oog) 279.8 58 11.8 25505 
1S al eo 54.7] Deal a/b 26 1524 355.6 

9.0 0.0 31.9 123.5 48 50 153.6 

Le] 0.0 eel 12357 0 0.0 23.6 

5.4 0.0 13.58) 4842 0 220 9.6 

bes 0.0 eet? 134.7 0 0.0 12.9 
12.6 Les 44.6 185.5 35 8.5 250.9 
15736 0.6 59.8 82602 5 il 10.8 299 .6 
136d 0.10 44.2 285.0 35 10.6 272.9 
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. 6.0 OM ss0.9-%ar, OBe epe2-’ 60 rre 5 -garonaxé Badal 
0.0 «G0 t0.9% 20, abe? ~— aah? 3 Ofse4 32 7 poow tebe 
0.0 GM MLO.9099. ah ved: * OBO Oy ads 
2O0 GP UCL. Ct aeDe? doe -  O-Prr 9-47 
9.0 ca. * y20. 3-9 es.--~dh2 = as 9 58 ass 199 Phra, 
0.0) 180? 600. 4-3 ae cea? cox = R)  pPOB. 5 | 
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0.0 O80 Fee. Fos. BEE oBdA Looe) pi 48, geet 
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TOM HILL TREE II CONCENTRATION OF NUTRIENT PER TISSUE 
TISSUE DRY WEIGHT yi 
PER TREE (g) 
N K Ca Mg P Na 
Needles 6595 (2.71) <= 1.284 41 2 50. ant AUeeOTO 
Current Needles 2162.17) 4 1.243 -46 BR sph aA He 
Branches 258 hails 332 .16 Blobs Oster. Test) 
Current Branches 3h!) 683 soy! eye} o 25) tae OCU 
Dead Branches eS wle e202 a 16 ©0242 OFO 0.0 
Bole Wood I 1,344 -065 714 605 SO Loa0n0 0.0 
ini PAA ONES) POD, LS 04 014" 020 0.0 
HELI 900 074 ley, .04 UNG) 1810) 0.0 
Bark I japas =2i00 sll) 229 -05/ 90435 0-0 
ite 182 3680 25 WAS 2096) |. 06le050 
ipa 100 -4430 34 220 -0939 2080 80.0 
Cones -- -- -- -- -- -- -- 
Current Cones -- -= -- -- -- -- a 
TOTAL WEIGHT PER 
TREE (g) 6,307 Tee eigal ew Mies (RW 


* Weight per 100 needles (g) 


Al18 


AND TOTAL WEIGHT OF NUTRIENT PER TREE 


ppm 

Mo Cu Zn Mn Fe B Al 
24.4 Ge2 80.6 Blige 67 11.8 521.0 
tos 72 3D ByGISe) 285.71 22 JUL ath 234.7 
10.6 0.0 44.3 Oe 56 6.6 125.5 
nes) io 52.4 200.6 22 Or 158.8 
9.0 0.0 43.8 MeAtaeT) 60 5.5 1322 
Dies 0.0 152 SES) 0.0 3.1 13.8 
Sig t/ 0.0 143 DO 4 0.0 0.0 8.2 
ein 4 0.0 1 83.7 0.0 0.0 9.4 
ez Be) 58.2 214.8 58 129 1729 
2 2 4.3 62.0 ZI Deo 50 ITAA 208.5 
eo 328 54.9 234.5 41 12.4 yeasts) 


205 (On ~ 185 1.06 ee -02 -611 
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_2em Tors x 


eee 7 - 7 
ny om ¢ Mom 6 Am MU mM Fe 
aaa Tal. 34.800. HTS. —SASA.WESS.L59).(Sd.8) THe 
 G-0 81.14.9200, SE, 8256, 88TS,£257,9(10.8) Gal 
0.0 Aad. iT.6e80, Gam,  eS59. FEES. 209.6 avs 
0.0 OAL.11,90Sr. 300. daST.7eBa. 199.8 8st 
0.0 0.0F.02E0, OSM.  EL32,920S, 123.5 ase 
 ©.0 9,00.00L0. 020.  ext4, 400. 202.5 rez, 
G0 OK. 3ESO7 060. —ALLZ. ENO. 74.7 aot .t 
- 0-0 0,08.4880, 000. ‘TLIS.1880. 70.0 ens, 1- 
0,0 Th0, 16. eso. BSE... OSHB.20SE. 268.1 ers 
6,0 8a0.0S. 9208, Jes. —0849.B0BE, 241.6 Bes 
0.0 80.10.4000, OTM, e838. SBA, 189.6 Pal 
Ree ees e 
mo = 992 7 -_ 
&O.S.05 ZA.5 02.2 €26 2297 


g rae | 
15.4 eodbsol 
eslbesit 3n0%4u9. 


7.3 vodgsere 
aedsnadd Ind7ou9 
eS5d0netd | bied 
OI0booW s¥od 
1I5 10.2 
131 9.8 
12.6 Iadtee 
13,7 Isz267.91] 
12.6 TITI71.8 | 


THOTEW JATOT 
888.0 a) ‘9agT 989 ‘ 
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TOM HILL TREE III 
DLESSUE DRY WEIGHT 
PER TREE (g) 
N 
Needles 557 82.602) * i. 225 


Current Needles 1609 ¢2.01)% 25 


Branches 275 ae 
Current Branches 38 . 683 
Dead Branches 316 7205 
Bole Wood I NB ss) Shy .063 
iil 106 073 

TLL Wh eadhs) 084 

Bark I 215 -320 
Et 138 - 380 

Pt 1S) 448 
Cones ee -— 


Current Cones -- “= 


TOTAL WEIGHT 
PER TREE (g) 6,381 L507 


* Weight per 100 needles (g) 


K Ca Mg 
~42 2a e093 
720 2a OF. 
229 - L468 ©.083 


-64 -09 Ae) 


13 eZ -035 
mes, -05 .017 
16 03 021 
ity! -04 023 
- 20 32 -089 


iL) Se) 2.45 


CONCENTRATION OF NUTRIENT PER TISSUE 


0.0 


A20 


AND TOTAL WEIGHT OF NUTRIENT PER TREE 


v.at sao 4 v.55 
_ 


8. ee «ite 0.0 Ste 5.6 S00 RD a ‘ 
; . = ee 
jouse «8.Sr ite £.828. 0% S.6a ELD ON 0.8847) 0.0 : 
j | | eal 
‘jews, ver one Ce 
|B. 10m) avSE »B3 2.66L #48 2.889 
: 
| — bi wy See 
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Scion abo. ecaibe. Ie 


nu hi ha ai 
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he on Pites.sy adil 
Wet? eee. 7 Wibe.s) eat! 
9 ean 298-7 gel 
GA.8 pee 246.6 | 8 
Moco 22-5 ash 
so Pa 
Eh” 220." nade 
er” ego. 7" avis 
We coe 227-2 gat 
S32 scp 198.2 8? 
28? ace. eg? 


on 


y %™ 


fe 
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TOM HILL TREE IV CONCENTRATION OF NUTRIENT PER TISSUE 


TISSUE DRY WEIGHT z 
PER TREE (g) 


N K Ca Mg P Na 

Needles 160552. 25) cate LIM ee a6 woe -093 sla hs 0.0 
Current Needles COomC2232)) sooo 3 - 102 .-169 0.0 
Branches leew (4 BRS Tee 728} -16 062 042 0.0 
Current Branches 76 SOLO aes, afl cake ws Sue) 0.0 
Dead Branches 15828 0D Opes ele -035 0.0 0.0 
Bole Wood I S5 S'S) SOS 74 le ZOD SONS els 0.0 
sD 5,664 Osisy aks) -05 -OLOm OR 0.0 

gli Pe ATR SORES) Jk) -04 3022) 050 0.0 

Bark I 459 PAA sits} -30 .070 045 0.0 
II G2 SAS)  SAkT/ api 062 .060 O20 

1 Oi 289 GeVT 5 pa! ely, 098 073 0.0 


Cones -- a ro mas ae ais pares 


Current Cones -- =o gai == page sega = 


TOTAL WEIGHT 
PER TREE (g) L636 49 .6 34 20 6.74 4.44 0.0 


* Weight per 100 needles (g) 


A22 


AND TOTAL WEIGHT OF NUTRIENT PER TREE 


ppm 

Mo Cu zn Mn | Fe B Al 
a ee) Zi 6145 Deo et 47 10.8 396.4 
169 2.4 61.5 279.4 24 1688220 s1 
10.8 0.0 38-9 238.3 41 TE SY ASSES) 
6 2.4 69.8 246.6 24 tt, OPells.3 
oO 0.0 Sy) 123.5 48 50 Rael 3.0 
0.0 0.0 tal 104.6 0 0.0 6.2 
4.9 0.0 Loe 100.4 0 2.6 (siyal 
Bae 0.0 14.9 Sik 0 2-1 Tes 
14.4 iets) 60.9 VAP bed 54 OX2 9525.2 
12.6 1.1 S32 198.52 47 8.5 261.6 
bee 2.7 Seki) 188.0 42 RRay © Aes, 


bale) =O2 -490 3.09 moe .08 LEST 


* 
* 
ie 
Z 
Lal 
pa 
o 
* 
°o 
aS 
=] 


“es «OO 
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TOM HILL 


TISSUE 
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Current Needles 
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Current Branches 
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Bark I 
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AND TOTAL WEIGHT OF NUTRIENT PER TREE 
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SILVER SUMMIT TREE I CONCENTRATION OF NUTRIENT PER TISSUE 
TISSUE DRY WEIGHT vA 
PER TREE (g) 
N K Ca Mg Pp Na 
Needles ZOLRGZ. 3) Ae ester 6223) -085 .146 0.0 
Current Needles 38 (1.90)* 1.145 56 .14 096 Boles ks) 0.0 
Branches 437 - 360 Ieee «cals 058 054 0.0 
Current Branches’ 6 1.506 “S10 1h 2135) oad 0.0 
Dead Branches 212 29 14° .14 -016 -030 0.0 
Bole Wood I Gs UO 10 .06 -011 .0 0.0 
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DUE yap) one Sales Ss) 041 044 0.0 
Cones -- -- -- = == -- -- 
Current Cones -- = -- -- == ae = 
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TREE (g) 4,786 8.50 Sets ele) Vd} .93 0.0 
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SILVER SUMMIT TREE IT CONCENTRATION OF NUTRIENT PER TISSUE 

TISSUE DRY WEIGHT va 
PER TREE (g) 

N K Ca Mg P Na 

Needles 6657@216)*e1e316 42 cl Be) Aims) -146 0.0 

Current Needles 101 (1.89)* 1.171 335) .09 5092 SAO OA) 

Branches 871 eS ~24 15 067 054 0.0 
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SILVER SUMMIT TREE III CONCENTRATION OF NUTRIENT PER TISSUE 
TISSUE DRY WEIGHT (%) 
PER TREE (g) 
N K Ca Mg P Na 
Needles 1) Om 40 ele 2 30 . 36 528) e077 eS 0 
Current Needles 228; (1.98) *ee.928 44 .08 -062 2152-7020 
Branches 1,647 274 eee oy, .062 20422 5020 
Current Branches 74 964 -02 RL 146 12 OOO 
Dead Branches L326 72.0 sist -09 9) 0.0 0.0 
Bole Wood I 11, 806 .050 gail ANS -010 0.0 0.0 
Li 97673 OSL ai als) 015 9020 0.0 
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II 823 sty) sale: See) .067 -048 0.0 
Te 595 7510 23 - 36 .086 Obst) © (08 
Cones 2) 753 ~LOW 80.0 0 0.0 0.0 
Current Cones 4 .196 21 Grn OO 017 «0540.0 
TOTAL WEIGHT 
PER TREE (g) 33,764 46.7 48 a2 7.64) eGo mee «O 


* Weight per 100 needles (g) 
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AND TOTAL WEIGHT OF NUTRIENT PER TREE 


(ppm) 

Mo Cu Zn Mn Fe B Al 
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SILVER SUMMIT TREE IV CONCENTRATION OF NUTRIENT PER TISSUE 
TISSUE DRY WEIGHT (%) 
PER TREE (g) 

N K Ca Mg P Na 
Needles Go An OO) zee LOE. SOS en LOMO elel/, O20 
Current Needles 9025 (222) *el172 . 366 907 ee 064 29 0.0 
Branches Bs 285) SOI Wace | 3 aeeee 7.4 -058 CFU 
Current Branches INGE pelOtsy Seles) Oh) dbus) 238 0.0 
Dead Branches iLasysis) B21) oe 2Oee O70 020 0.0 
Bole Wood I 20,819 046 .120 .05 .017 0.0 0.0 
ile 219023 F009) LOU se. 04am OL OmRO sO 0.0 
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Cones 1,341 O29 20.0 < O17 .028 0.0 
Current Cones 101 AMR they (halt) SOZ2L .030 0.0 


TOTAL WEIGHT 
PER TREE (g) Lig 158 13057 24.6 15.4 0.0 


* Weight per 100 needles (g) 


AND TOTAL WEIGHT OF NUTRIENT PER TREE 


(ppm) 

Mo Cu Zn Mn Fe B Al 
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SILVER SUMMIT 


TISSUE 


Needles 
Current Needles 
Branches 
Current Branches 
Dead Branches 
Bole Wood I 
Je 
TTT 
Bark I 
II 
aise 
Cones 


Current Cones 


TOTAL WEIGHT 
PER TREE (g) 


TREE V 


CONCENTRATION OF NUTRIENT PER TISSUE 


DRY WEIGHT 
PER TREE (g) 
N 
955 (3.07)* 1.031 


19 812.04) +e loa 


11,318 .278 
78 1.105 
2,386 .219 
45,188 046 
38,136 055 
18,985 .084 
Sada .250 
3,715 . 287 
2151 356 
DaBo2 166 
61 .197 
133,097 257 


* Weight per 100 needles (g) 
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AND TOTAL WEIGHT OF NUTRIENT PER TREE 


(ppm) 

Mo Cu Zn Mn Fe B Al 
24.5 4.0 50.4 556.6 Sy ie 2 602.2 
12.4 eels) 519) 510) 216.7 35 12D ZO 
Saw) 0.0 34.9 2169 76 7.5 204.6 
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EMMERSON ROAD TREES LE CONCENTRATION OF NUTRIENT PER TISSUE 


TISSUE DRY WEIGHT CZ) 
PER TREE (g) 
N K Ca Mg is Na 
Needles Be O52 194) te laoO eee 20 .098 .120 0.0 
Current Needles 566229) ele LOO) reer: fatal .104 143 0.0 
Branches 15093 250 rec 724 063 041 0.0 
Current Branches 28 990) as lly -208 .189 0.0 
Dead Branches 2,363 LO ee .16 7014 5020 0.0 
Bole Wood I 26,092 7036, 213 (OS) Henly <0)(0) 0.0 
it 205913 2042 «12 06 201997 0-0 0.0 
ia ie U35 021 BOOS mre -06 70245 7020 0.0 
Bark I Zee eS 0 061 .033 0.0 
UL. 1,489 7oO2m 20 - 56 084 SO) 0.0 
im a 1,401 SPA ei fath LAT) 098 ~053 0.0 
Cones 164 le Oars LOMO sO 2025 -020 0.0 
Current Cones 61 lS a 108 016 026 0.0 
TOTAL WEIGHT 

PER TREE (g) 73,609 Wolsy ° alalfe) © ty 20560) Gel0e =050 


* Weight per 100 needles (g) 
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EMMERSON ROAD TREE IT CONCENTRATION OF NUTRIENT PER TISSUE 
TISSUE DRY WEIGHT (Z) 
PER TREE (g) 
N K Ca Mg FP Na 
Needles TOS449 SCZ 746) 405.1 Un maoZ -094 ~136-. 5020 
Current Needles 1,025 (2.18)* 1.006 .40 .15 .084 ete meO sO) 
Branches LOD SOLON, edhe 524 .048 .033 0.0 
Current Branches ily) 29.0 Gn oe OmmmerlO ls} SASK 1OAte) 
Dead Branches 25303 LO 70 lee LO 014 0.0 0.0 
Bole Wood I 44,432 PO SG). lle. OD 009 0.0 0.0 
LT 38,075 O41 atte OO pOLOU ORG 0.0 
iE ee Ole Mayes Gd} a7) 2017 050 0.0 
Barked Seo 2 SMB) de BESO) e052 (030 20.0 
aE 3,847 SPE SEBO -060 .037. 0.0 
ToT 2,403 -269 .24 .46 .085 -054 0.0 
Cones 698 AWE eal Wate) .020 023 750.0 
Current Cones 309 L909. 149050 .029 20420) 0.0 
TOTAL WEIGHT 
PER TREE (g) 1295287 204 130 180 Pods 2201 0.0 


* Weight per 100 needles (g) 
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AND TOTAL WEIGHT OF NUTRIENT PER TREE 


(ppm) 

Mo Cu Zn Mn Fe B Al 
30.7 As3 71.4 740.0 a7 LOeS 744.3 
LSS) Tes eS) DOUag 36 L220 297.0 

O20 0.0 Shhois! 216.4 54 5a 165.5 
2 Be 54.0 236029 30 Ae 164.9 

8.1 0.0 18.9 78.0 alt 3.4 161.0 

3.4 O50 110 96.8 0 0.0 5.6 

e0) 0.0 thee) oo, 0 pas 52 

Bots) 0.0 15.3 25e3 0 0.0 LOR 
1) 1.4 58.8 294.5 41 alk 410.3 
aS ie 72 0.0 68.6 330.2 54 eee 492.1 
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EMMERSON ROAD TREE III CONCENTRATION OF NUTRIENT PER TISSUE 
TISSUE DRY WEIGHT z 
PER TREE 
(8) N K Ca Mg P Na 
Needles GPA497(2104)* sega) 239 .34  .095 F325 050 


Current Needles 15706 (1-75) * 1.223 -44 ey, -095 LoS 0.0 


Branches 13,420 249 .18 a22 054 033 0.0 
Current Branches 166 Jeo ie -48 18 -130 sAus 0.0 
Dead Branches 2,304 oe Oe eee 2 oa) -O13 020 0.0 
Bole Wood I Golo .038 213 505 OES 0.0 0.0 
re 52,706 043 uz 06 -014 0.0 0.0 

SEIRIE ©" SPAR sy 10700 eS 205 -016 0.0 0.0 

Bark I Byylyeks) oy Sly) - 60 ~050 025 0.0 
gee Bia SPY eo ols) -48 -060 026 0.0 

LIL 4,865 1295 24 PZ OmmenO LS 042 0.0 
Cones 23095 736 eee O'eO SOLS 0. 0.0 
Current Cones 188 168 1 Oe ORO eU2a .037 0.0 


TOTAL WEIGHT PER 
TREE (g) 174,827 256 182 174 SI) 24.5 0.0 


* Weight per 100 needles (g) 


AND TOTAL WEIGHT OF NUTRIENT PER TREE 
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B Al 
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TOM HILL TOTAL WEIGHT OF TISSUE AND NUTRIENT 


TISSUE DRY WEIGHT N K Ca Mg P Na 
Needles 11,000 130 48 39) 10 VES -00 
Current Needles 2,900 38 14 6 Dial: “nD -00 
Branches 8,200 ail 20 14 Saal Say, -00 
Current Branches 540 i a it WS 7 - 60 68 209 5). 00 
Dead Branches 8,200 16 10 ar MoT Hole cele) 
Bole Wood I 22,000 EL 28 ‘bal 323 -OOmee OO 
II 33,000 20 45 14 5.4 -002e. 0G 

LP 16,000 us) Ze (S55) Shogs) -00% 00 

Bark I 3,300 OF Omron nel Wh RAS 500 
II 3,500 2 el tf) Passe Pe Eich .00 
Trt 1, 200 Ora? a oO ame 0 URates anh -00 
Cones ae —— es — -- -- -- 


Current Cones -- = a = = sehen, —_ 


TOTAL TREE 110,000 300 ZL0 120 40 Syl -00 
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ELEMENTS PER HECTARE (kg/ha) 
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Aus BE 88.8.4 EL .24 000.2 . ys t,o T aad | 
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SILVER SUMMITT TOTAL WEIGHT OF TISSUE AND 
TISSUE DRY WEIGHT N K Ca Mg E Na 
Needles 8,900 100 29 18 6.6 ie .00 
Current Needles 1,400 16 S57) ee: nO 2 1.9 -00 
Branches 9,100 27 20 13 Gris 4.8 .00 
Current Branches 290 Dit) 6 Af) 3) 40.09.00 
Dead Branches 3,800 10 4.6 Be 2 -03 Ze nOU 
Bole Wood I 42,000 18 49 Za. Sica! -00 .00 

iLL 43,000 24 54 a Be2 -00 .00 

ata 18,000 13 24 shel 4.0 2005 ee U0 

Bark I 5,000 ii} 9.6 18 2.8 Hee) -00 
II 3, 600 11 PRS S) Oe 30 Hess) -00 

DIE 2200 852 35.2) 5.4 ig) iD67 .00 
Cones OO Pests) PAG) .00 e24 41s 00 
Current Cones O05 20 a6 -00 LO2 70350. 00 


TOTAL TREE 140,000 250 200 120 sf) 24 -00 
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NUTRIENTS ELEMENTS PER HECTARE (kg/ha) 
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EMMERSON ROAD TOTAL WEIGHT OF TISSUE AND 


TISSUE DRY WEIGHT N K Ca Mg P Na 
Needles 12,000 140 42 Shih 1 16 .00 
Current Needles 1,600 18 6.8 ae RS) 29 00 
Branches 8,700 oe 16 19 4.6 19 .00 
Current Branches 160 Ey) alk) 726 avait 225°) 200 
Dead Branches 3,900 7.9 4.4 6.4 sys -00 .00 
Bole Wood I 55,000 20 56 26 4.2 -J00 95.00 
iit 44,000 18 50 26 640 5005.00 

LOL 23,000 15 28 14 4.5 00.00 

Bark I 75200 14 1 Se) Sho) Za -00 
Li Sle) iL 10 32 3.4 thts) .00 

iat 4,200 12 10 16 3.6 me .00 
Cones 1,300 1.8 1.4 .00 wee ele 08) 
Current Cones 270 54 -40 -00 .08 oe OO 


TOTAL TREE 170,000 290 240 240 47 27 .00 


A46 


NUTRIENTS ELEMENTS PER HECTARE (kg/ha) 
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TOM HILL 


SITES I 


HEIGHT (ft)* AND DBH (in) FOR ALL TREES ON THE ONE-TENTH ACRE SAMPLE 
PLOT BY DBH CLASSES 
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(Continued) 


SITE I 


TOM HILL 


HT. 


DBH 
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Approximate height using Spiegel Relaskop 


DBH Class 
1-5 Trees sampled for nutrient analysis and stem analysis 


A-H Trees cored at 45 cm to determine age for site index 
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SITE IL 
DBH HT. 
(1.0-1.9)** 
N67) 17 
(2.0-2.9) 
2.9 37 
2.4 36 
2.9 35 
207 35 
725U 34 
Zia 34 
2.6 34 
2.6 33 
2.5 32 
2.8 31 
2.5 31 
2.3 28 
Pci 28 
2.0 27 
2.5 27 
2.7 27 
2.0 26 
2.4 26 
2.4 25 
2.5 25 
2.0 25 
(3.0-3.9) 
3.9 47 
3.9 45 
3.9 43 
3.9 42 
3.6 42 
3.7 41 
3.7 40 
3.5 40 
3.6 40 
3.7 39 
3.4 39 
3.6 39 
S6Y 39 
3.4 39 
3.6 38 
3.8 38 
3.7 38 
3.1 37 
3.3 37 


SILVER SUMMIT 


DBH HT. 
3.7 37 
3),,31 37 
Sail 37 
3.6 37 
3.9 36 
3.5 36 
3.6 36 
3.6 35 
3.8 35 
3.4 35 
Bail 35 
Be 34 
3.5 33 
Soil 32 
a2 32 
3.1 31 
3.3 30 
(4.0-4.9) 
4.5 47 
4.5 47 
4.5 A 47 
4.4 47 
4.3 46 
4.3 46 
4.9 46 
4.6 46 
4.3 46 
4.3 46 
4.8 45 
4.1 45 
4.4 45 
4.5 45 
4.4 45 
4.9 45 
4.5 44 
4.8 44 
4.8 44 
4.8 44 
4.2 44 
4.2 44 
4.7 44 
4.9 43 
4.7 43 
4.7 43 
4.4 43 
4.1 43 
4.2 43 


DBH HT. 
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41 
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40 
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(5.0-5.9) 


7 BaD Z 
4 Cc 51 
5 50 
9 50 
2 D 50 
9 49 
° 49 
. 49 
49 
48 
48 
48 
48 
48 
48 
48 
47 
47 
47 
47 
46 
46 
46 
45 
45 
45 
44 
44 
43 
43 
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* Approximate height using Spiegel Relaskop 


an DBH Class 


1-5 Trees sampled for nutrient analysis and stem analysis 


A-H Trees cored at 45 cm to determine age for site index 
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HEIGHT (ft)* AND DBH (in) FOR ALL TREES ON THE ONE-TENTH ACRE SAMPLE 
PLOT BY DBH CLASSES 


HT. 
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SITE III EMMERSON ROAD 


HEIGHT (ft)* AND DBH (in) FOR ALL TREES ON THE ONE-TENTH ACRE SAMPLE 
PLOT BY DBH CLASSES 


DBH HT. DBH HT. DBH HT. DBH HT. DBH HT. 
(4.0-4.9) ** 
4.9 64 5.7 62 ay 68 6.0 61 (6-0-5-9) 
4.7 63 5.8 62 6.3 67 6.4 61 8.9 E 73 
4.6 57 5.5 61 6.8 C 67 6.2 61 8.5 70 
4.9 56 5.5 60 2 6-8 66 8.0 F 68 
4.6 54 5.3 59 6.3 66 (7.0-7.9) 8.5 68 
4.7 54 eS 7) 58 6.9 65 8.5 G 68 
4.5 53 5.1 58 6.9 65 7.4 D 68 8.6 67 
4.4 52 5.5 58 6.3 65 720 67 8.0 66 
4.9 50 5.4 57 6.5 65 7.2 65 3 8.0 64 
5.8 56 6.9 65 ey 65 
(5.0-5.9) 5.5 54 6.8 65 7.4 65 (5-079?) 
5.0 53 6.0 63 Det 63 9.0 70 
5.6 64 6.5 63 7.2 63 9.4 H 69 
5.8 62 (6.0-6.9) 6.0 63 7.0 62 
5.7 62 6.3 63 7.6 62 
5.9 62 6.8 A 69 6.8 62 Thee 61 AGE (YRS) 
6.9 B 68 7.4 61 rm 123 
B 125 
Cc 126 
D 128 
E 126 
F 127 
G 125 
H 128 


* Approximate height using Spiegel Relaskop 

** = 6DBH Classe 

1-3 Trees sampled for nutrient analysis and stem analyeis 
A-H Trees cored at 45 cm to determine age for site index 
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HEIGHT (dm), VOLUME (4m?) AND BASAL AREA (4m?) BY STEM ANALYSIS FOR INDIVIDUAL TREES SAMPLED FOR NUTRIENT ANALYSIS 


BASAL BASAL BASAL 
AGE HT. VOLUME “jo, AGE HT. VOLUME “455, AGE HT. VOLUME “405, 
SITE I TREE I 
1 0.6 0.003 26 74.5 7.505 17 41.2 6.253 
2 1.3 0.006 27 77.0 8.424 18 44.5 7.603 .255 
3 1.9 0.009 28 79.6 9.343 .189 19 49.5 9.395 
4 2.6 0.013 20 54.5 11.187 
5 a2 OF016 SITE I TREE III 21 57.8 12.980 .353 
6 3.9 0.019 22 61.2 14.967 
7 7425) 07022 1 0.6 0.009 23 64.5 16.955 
8 6.2 0.025 2 1.3 0.018 24 67.8 18.942 .436 
9 7.8 0.028 Sie 19) 0027 25 71.2 20.729 
10 9.5 0.059 Lee 2..6) OF 037, 26 74.5 22.516 
11 11.2 0.090 Sie 3.2) 04046 27 79.4 24.303 .496 
120 125608 O01 20 6 3.9 0.055 
13 14.5 0.194 7 4.5 0.064 SITE I TREE V 
14 19.5 0.268 B. Yo) Weeks) 
15 24.5 0.342 .009 9 11.2 0.082 1 0.6 0.006 
16 29.5 0.492 10 14.5 0.239 2 1.3 0.013 
17 34.5 0.643 11 16.5 0.396 3 1.9 0.019 
18 44.5 0.794 .023 12 18.5 0.552 .017 4 2.6 0.025 
19 46.0 0.926 13 20.5 0.754 5 3.2 0.032 
20 47.6 1.058 14 22.5 0.955 6 3.9 0.038 
il LE)pl isi ph 655) 15 24.5 1.157 .047 7 4.5 0.044 
22 50.6 1.289 167" 27.8 e675 8 7.0 0.051 
GK) Cyigh) St SCW) 7eeSle ee 2e199 9 9.5 0.195 
24 53.7 1.485 .040 18 34.5 2.711 .096 10 12.0 0.338 
19 39.5 3.433 11 14.5 0.482 
SITE I TREE II 20 44.5 4.155 12 17.8 0.980 
21 47.8 4.877 .142 1S) Shao? aC 
1 0.6 0.013 22 51.2 5.590 14 24.5 1.976 .064 
2 1.3 0.026 23 54.5 6.302 15 27.0 2.841 
30). 902039 24 59.5 7.015 .177 16 29.5 3.705 
4 2.6 0.052 25 64.5 7.924 17 32.0 4.570 .156 
SE OL0G5 26 69.3 8,833 18 34.5 6.342 
6 3.9 0.078 2) GHACOD Cyeoipy span 19 39.5 8.114 
7 4.5 0.091 28 20 44.5 9.886 .317 
Sy 6G) OLE SITE I TREE IV 21 47.8 12.185 
Quel 20e Onll6 22 51.2 14.484 
10 14.5 0.129 1 0.6 0.028 23 54.5 16.783 .466 
ll 16.5 0.268 2a lig 04057, 24 59.5 19.746 
12 18.5 0.406 3. 1.9 0.085 25 64.5 22.710 
13. 20.5 0.544 .021 4 2.6 0.114 26 69.5 25.674 .622 
1602250 0725 S328 Ol 42 27. 74.5 29.351 
15 24.5 0.907 @ Se) @pieto 28 79.3 33.029 
16 27.8 1.088 .045 74158 00199 29 84.2 36.707 .770 
17) 31.2 912436 GQ Waly Cores 
18 34.5 1.784 9 11.2 0.256 
19 39.5 2.133 .080 10 14.5 0.670 
20 44.5 2.762 11 19.5 1.084 
21 49.5 3.390 12 24.5 1.499 .057 
22 54.5 4.019 .123 13° 27.8 2.183 
23 57.8 4.875 146 31.2 2.868 
24 61.2 5.730 15 34.5 3.553 .135 
25 64.5 6.586 .159 16 37.8 4.903 
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HEIGHT (dm), VOLUME (dm) AND BASAL AREA (am?) BY STEM ANALYSIS FOR INDIVIDUAL TREES SAMPLED FOR NUTRIENT ANALYSIS 


BASAL BASAL BASAL BASAL BASAL 
pees he Ae AREA AGE HT. VOLUME AREA AGE HT. VOLUME AREA AGE HT. VOLUME AREA AGE HT. VOLUME AREA 
Tapiete ators Petts Laaty e SITE II TREE III 783129, 51657 .9598 874 eu om ge joy 
2p elas Os021 6 3.9 0.018 1 0.6 0.003 SITE II TREE IV 7 4.5 0.105 
3.1.9 0.031 7? CoS Wolapal 2 1.3 0.005 1 0.6 0.023 8 7.8 0.120 
4 2.6 0.041 8 5.9 0.024 3 1.9 0.008 2 1.3 0.047 ) Tela? | Opies 
5 3.2 0.051 9 7.4 0.027 4 2.6 0.010 3 1.9 0.070 10 14.5 0.359 
6 3.9 0.062 10 8.8 0.069 SEse2 On O13 4 2.6 0.094 11 17.8 0.583 
7 4.5 0.072 11 10.2 0.110 6 3.9 0.015 G 8a) Mulla 2212 OF B07, 

8 5.9 0.082 12 11.6 0.151 7 4.5 0.018 6 o0 Gin 13. 24.5 1.031 

9 7.4 0.093 13. 13.1 0.193 8 7.0 0.021 7 4.8 0.164 14 26.5 1.255 .040 
10 8.8 0.103 14 14.5 0.234 9 9.5 0.081 8 7.0 0.188 15 28.5 1.779 

1g0 1082) on113 15) 150 334 10 12.0 0.141 9 9.5 0.211 16 30.5 2.303 

12 11.6 0.166 16 15.8 0.434 ldeGe5u0n 201 10 12.0 0.235 17 32.5 2.827 

fe} SE), @ aaa LW? Wels WoSSV4 12 16.5 0.261 11 14.5 0.258 18 34.5 3.351 

14 14.5 0.270 18 17.0 0.634 13. 18.5 0.321 .010 12 16.5 0.282 .007. 19 37.0 3.875 .145 
15 15.8 0.323 19 17.6 0.734 .031 14 20.5 0.508 13 18.5 0.468 20 39.5 4.645 

16 17.0 0.375 .008 20 18.3 0.843 15 22.5 0.694 146 20.5 0.654 D1 42s Onms e415 
17 18.3 0.438 21 18.9 0.952 16 24.5 0.881 15 22.5 0.840 22 44.5 6.185 
18 19.5 0.501 22 19.5 1.062 17 27.0 1.068 16 24.5 1.026 23 46.2 6.955 
19 20.8 0.564 Ey ATL Np dUid 18 29.5 1.254 .055 17 26.5 1.211 .055 24 47.8 7.724 .233 
20 22.0 0.628 24 20.8 1.280 .066 19 32.0 1.526 18 28.5 1.407 25 49.5 8.866 
21 23.3 0.691 .028 25 21.4 1.444 20 34.5 1.797 19 30.5 1.602 26 51.2 10.009 
DP WAG Wai/y 26 22.0 1.607 21 36.5 2.069 20 32.5 1.797 27. 52.8 11.151 
23 26.5 0.852 Dino 2h OMIT TT TA SoS Ao 21 34.5 1.993 28 54.5 12.293 
24 28.5 0.933 28 23.3 1.934 23 40.5 2.612 .093 22 37.0 2.188 .086 29 64.5 13.435 .342 
25 30.5 1.014 29 23.9 2.098 .096 24 42.5 3.047 23 39.5 2.504 30 66.5 14.746 

26 32.5 1.094 .038 30 24.5 2.289 25 44.5 3.481 24 62.0 2.820 31 68.5 16.056 
27 34.5 1.21% 31 25.9 2.479 26 45.5 3.916 25 44.5 3.136 32 70.5 17.366 

28 35.6 1.328 32 27.4 2.670 27 46.5 4.351 26 45.9 3.452 33. 72.5 18.677 
29 36.7 1.445 33 28.8 2.861 28 47.5 4.785 .145 27 47.4 3.768 .126 34 74.5 19.987 .430 
30 37.8 1.562 34 30.2 3.052 .119 29 48.5 5.303 a are rere 35 76.5 22.129 
31 38.9 1.679 .055 35 31.6 3.279 30 49.5 5.820 ey tas re 36 78.5 24.271 
32 40.1 1.783 36 33.1 3.506 31 50.5 6.337 1 i his: 37 80.5 26.413 
33 41.2 1.887 37 34.5 3.733 32 51.5 6.854 5 83:4 3:§83 177 38 82.5 28.554 
34 42.3 1.990 38 35.6 3.960 93)°52.5 7.972.216 33 57-0 7.024 39 84.5 30.696 .588 
35 43.4 2.094 39 36.7 4.187 .156 346 53.5 8.178 2 ae Dae 40 86.5 33.000 
36 44.5 2.198 .064 40 37.8 4.509 35 54.5 8.984 36 64.5 9.730 41 88.5 35.304 
37 46.5 2.378 41 38.9 4.831 36 59.5 9.789 37 67.0 10.632 .269 42 90.5 37.607 
38 48.5 2.559 42 40.1 5.153 37 64.5 10.595 38 69.5 11.976 43 92.5 39.911 
39 «(50.5 2.739 43 41.2 5.475 38 66.5 11.401 .312 39 72.0 13.321 44 94.5 62.215 .754 
40 52.5 2.919 44 42.3 5.797 .189 39 68.5 12.470 et Ue Teieee 45 97.0 45.736 
41 54.5 3.100 .080 45 43.4 6.215 40 70.5 13.539 42 78.8 17.354 .379 6 99-5 49.256 
KM Cio Darby) 46 44.5 6.633 41 72.5 14.608 43 80.5 19.068 47 102.0 52.777 
43 56.0 3.455 47 45.8 7.052 42 74.5 15.677 4h 82.5 20.782 48 104.5 56.297 
44 56.7 3.633 48 47.0 7.470 43 77.0 16.746 .402 45 84.5 22.496 49 107.0 59.818 .942 
45 57.4 3.810 49 48.3 7.888 .216 44 79.5 19.226 46 87.0 24.210 50 109.5 64.718 
46 58.2 3.988 .093 50 49.5 8.294 45 82.0 19.226 uu Boke a oce -490 51 112.0 69.618 
47 58.9 4.136 51 50.8 8.699 46 84.5 21.706 49 94.5 29.996 52 114.5 74.518 
48 59.7 4.285 52 52.0 9.105 47 86.5 21.706 50 96.5 32.032 53 117.0 79.419 
49 60.4 4.433 53 53.3 9.510 48 88.5 22.945 .522 51 98.5 34.068 54 119.5 84.319 1.188 
50 61.1 4.582 54 54.5 9.916 .260 49 90.5 24.340 52 100.5 36.104 .622 §5 122.0 87.307 
51 61.9 4.730 .105 55 55.3 10.174 50 92.5 25.735 53 102.5 38.343 56 124.5 90.295 
52 62.6 4.844 56 56.2 10.432 51 94.5 27.130 “e Leese Rosaan $7 125.5 93.284 
53 63.3 4.958 57 57.0 10.690 52 97.0 28.524 36 107.8 45.059 58 126.5 96.272 
54 64.1 5.072 58 57.8 10.948 53 99.5 29.919 .601 §7 109.5 47.298 .747 59 127.5 99.260 .431 
55 64.8 5.185 59 58.7 11.206 .273 54 102.0 31.587 58 111.2 49.819 60 128.5 105.114 
56 65.5 5.299 .116 60 59.5 11.385 55 104.5 33.255 59 112.8 52.339 61 129.5 110.968 
57 66.3 5.393 61 60.3 11.565 56 105.8 34.922 60 114.5 54.860 62 130.5 116.822 
58 67.0 5.487 62 61.2 11.744 57 107.0 36.590 ey eer ooees gg 03 :131-5 122.677 
59 67.8 5.580 63 62.0 11.923 581108090 3052570-701) ca aaia congas 64 132.5 128.531 1.686 
60 68.5 5.674 64 62.8 12.103 .287 59 109.5 39.624 64 119.5 65.567 65 133.5 133.971 
61 69.2 5.767 .123 65 63.7 12.432 60 110.8 40.991 65 120.8 68.400 66 134.5 139.411 
62 70.0 5.888 66 64.5 12.762 61 112.0 42.358 66 122.0 71.233 67 136.2 144.851 
63 70.7 6.008 67 66.9 13.092 62 113.3 43.725 67 123.3 74.066 1.030 68 137.8 150.292 
64 71.4 6.128 68 69.3 13.421 63 114.5 45.092 .762 oe eps Do tag 69 139.5 155.732 1.924 
65 72.2 6.248 69 71.8 13.751 .312 64 115.4 46.188 Snag ea RESET 70 161.2 162.825 
66 72.9 6.368 .132 70 74.2 14.293 65 116.3 47.284 rare) Cocks 71 142.8 169.917 
67. 73.7 6.486 71 76.6 14.835 66 117.2 48.379 a LSE ISM GRIGOIL Taz Pz Une? 117-010 
68 74.4 6.604 72. 79.0 15.378 67 118.1 49.475 33 137.8 100.565 73 147.8 184.103 
69 75.1 6.721 73 81.5 15.920 68 119.0 50.571 .825 7% 141.2 106.228 74 151.2 191.196 2.256 
70 75.9 6.839 74 83.9 16.463 .353 69 120.0 51.404 75 164.5 111.892 ie a 358.008 
: : 75 86.3 16.852 70 120.9 52.237 i , F : 

Un hie eee oe oe 88.7 17.241 71 121.8 53.070 77 153.8 123.219 1.453 77 158.5 211.622 
SURE G12 ag REE LT 77. 91.2 17.630 72 122.7 53.903 SITE Il TREE V 78 160.5 218.431 

1 0.6 0.003 78 93.6 18.019 73 123.6 54.736 .858 79 162.5 225.240 2.488 
2 1.3 0.006 79 96.0 18.408 .379 74 124.5 55.380 in 8843 

3. 1.9 0.009 75 125.8 56.025 ; hae Obes 

4 26 0.012 76 127.0 56.670 5 3.2 0.075 
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HEIGHT (dm), VOLUME (4m?) AND BASAL AREA (dm?) BY STEM ANALYSIS FOR INDIVIDUAL TREES SAMPLED FOR NUTRIENT ANALYSIS 
BASAL 


AGE HT. 


SITE IIL 


RP OWWOnNEWWNKrO 


oetieie: 


AMOK NSEUWONAOODH 


RE Ree 


50.5 


BASAL 
VOLUME AREA 


TREE I 


0.006 
0.012 


AGE 


BASAL 


HT. VOLUME AREA 


140.8 
142.0 
143.3 
144.5 
145.8 
147.0 
148.3 
149.5 
150.8 
152.0 
153).3 
154.5 
155.1 


CaO SOM OEC Sad 


ojnele 


. 


Fwero@smeywuUFuwnrr oO 
VR ANDBEOUONAOW OD 


ml oc antl ad 


65.456 
66.927 
68. 398 
70.032 
71.666 
73.300 
74.934 
76.569 
78.203 
79.837 
81.471 
83.106 
84.740 
86.051 


101.792 
103.105 
104.418 


-028 


+093 


+196 


AGE 


BASAL 


HT. VOLUME AREA 


198.7 
199.6 
200.4 
201.3 


1$:338 317 


30.070 .448 


46.684 .615 


67.360 .778 


130.501 


150.159 
152.968 
155.776 1.368 
158.130 
160.484 


197.492 
201.128 
204.763 
208.399 
212.034 
21$.670 1.791 


AGE HT. VOLUME AREA 


SITE III 


aplesveras 


UAW ODUWO BU ON DOWD 


DEWNOVOYYNS WULKhRrroO 


ad leledlad 


18.5 


TREE Ill 


0.022 


16.105 
17.310 
18.515 
19.719 
20.924 
22.129 
23.334 
24.538 
25.743 
26.948 
28.153 
30.288 
32.424 
34.560 
36.696 
38.831 
40.967 
43.103 
45.239 
47.375 
49.510 
41.487 
53.664 
55.741 
57.818 
59.895 
61.972 
64.049 
66.126 
68.202 
70.279 
72.480 
74.682 
76.883 
79.084 
81.285 
83.486 
85.687 


-116 


- 208 


-337 


-490 


-694 


+933 


AGE 


101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 


133.7 
135.3 
136.8 
138.3 
139.9 
141.4 
143.0 
144.5 
146.2 
147.8 
149.5 
151.2 
152.8 
154.5 
155.6 
156.7 
157.8 
158.9 
160.1 
161.2 
162.3 
163.4 
164.5 
165.6 
166.7 
167.8 
168.9 
170.1 
171.2 
172.3 
173.4 
174.5 
175.2 
175.9 
176.6 
177.4 
178.1 
178.8 
179.5 
180.2 
180.9 
181.6 
182.4 
183.1 
183.8 
184.5 
186.2 
187.9 
189.6 
191.2 
192.9 
194.6 
196.3 


BASAL 
HT. VOLUME AREA 


87.888 
90.089 
92.291 
95.311 
98.331 
101.351 
104.371 
107.391 
110.411 
113.431 
116.451 
119.471 
122.491 
125.345 
130.199 
134.053 
137.907 
141.761 
145.615 
149.469 
153.323 
157.177 
161.031 
164.203 
167.374 
170.545 
173.716 
176.888 
180.059 
183.230 
186.402 
189.573 
192.744 
195.946 
199.149 
202.351 
205.553 
208.756 
211.958 
215.160 
218. 363 
221.565 
224.767 
230.555 
236.342 
242.130 
247.917 
253.705 
259.492 
265.280 
271.067 
276.854 
282.642 


1.112 


1.348 


1.674 


1.875 


2.112 


2.488 
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